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Abstract 

TWt j) 4 par present* 4 system for under standing the concept of near and 
far , ueigtiing such factor* a* purpose of the judgement, dI mens(one of the 
Objects, absolute size of the diitanca, and size of the dletance relative 
to other objects, range*, and standards, A further section dlaeuesee the 
moaning Of phraees such as vam near , much nearar^than , and a* near aa . 
Although ua ujll apeak of near a* a judgement about physical distance, meet 
bf the ideas developed wilt be applicable to any continuous meaeurabl* 
parameter, s^ch a* size or time. An adaptation for roms (discrete 
■spaceal Is nad* a* uell. 







"El's not tho pale iicon that 
e*cites mo, that thrills and 
delights oe, 6h, no — it's 
just the nearness &f yenj+" 

- Nod Washington 
(popularised by Glenn Hi I I art 
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PART it PRELIMINARIES 


STIFF ANT rETHDO 
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The question of nea r fa r la roughly into two purls* One pari 
is how to pot together vu/ious fcinJ= oi gaohatric in f er*u t i-on to 
dec ido the near thresbo | dh The other is how to yKtratl the above 
information f rou cnnleMt and general know6edge■ This paper ui I I deal 
Chiefly wi th the First part. It is therefore in the tradition of soma 
recent hiyh ■teveI vision work, and ui I 3 deal more uith geow&try Otic! 
thresholds than ui th language understanding or structure of knowEedgs, 
though there is a section Oh different linguistic usages of near . 

The thresholding Sysleti defines several -geometric; parameters 
of a situation: range, standard distance, and (ftjett size. The first 
two gf these may have both local (specific to the present situation! 1 
and g!obal (typical) values, and the abject sice information takes 
some account uf shape as well- Fro si each sF these, a near threshold 
may be defined, The&e different threshes I da are then "linearly" 
reconciled by taking their geometric means. 

While ) do hot specify in detail hou to mshe the appropriate 
choices for each of these parameters in a situaUeh, 1 do show thru 
many ewninples that common sense chniges lead to a good threshold. Thus 
the system provides a framework in guide selection of relevant 
geometric in Format Ign frgm a situation by telling what kinds of 
pUrumotcrLj are desired, and then it tells what to do Pith these 

pa-eiTifiterB, 

Let’s cans Ider an ewaripEe. If a motorist a ska me vftbthor MIT 
i a tar from Harvard, ! can use the fact that people driving Dy car in 
n city have a rungs fewpected mawimuti distanceI of the di are ter of tine 
ci ty, or about IE mil.es for the Boston urea, to inter that mtar means 
one-eighth of this, or 2 mile?. Thus Harvard is near MET to a Boston 
motor i si p barely. if a friend of mine in another city asked me the 
same question out of curiosity, so that the method of transportation 
was unci tar, | could again use the range to get 3 threshold. Since htt 
knows only t.iat the tuo places arc both in the Boston area, the range 
would again he the diameter of the Boston area, and the answer would 
once more bo 2 mi loo. This shows how 9 suNnnt geobotribal parameter 
can often be successfully used as n ‘dcfaul 1* range, regard leas of the 
exact purpose of the nenr judgment, Dn the other hand, if a 
pedestrian asked me the question, or i f my friend already knew both 










places ucre Irt CPfnfor i d ;jn, 1 would use smaller ranges appropriate t d 
these si tuitions. 

tr\ tJ, % € If 
tk. 

At though i give iftar-nj enappies in this pap&r So }Flustrate the 
theory, [ have nut conducted empirical studies of the meaning of near 
on any human subjects other than myselF, However If ouch studies 

on ly 

revest that the theory does not quite reflect general usage, 1 have at 

ST jin Lfttf t 

least provided a basic vocabulary: of concept a Which, with minor 

3djUstmen ts, is 1 i K c-1 y to be able to represent the general usage. 



ORIGINS AMD RELATED UDUK 


In <t1 i nsky 1S74> attention La eat led to the lack of useful nose 
Of continuous-range numerical data. In using a .meastire*ent. what ifl 
ultimately used, very often, is not the exact value, but some 
qualitative judgement based on this value. This is represented in 
English by ouch words 35 "rear, " "fa r ," "very near , “ “small,* 1 "big,’ 1 
etc. 

W | f\ f t'4 O 

Flethods lor dealing with Shis problem aru swgg.es ted by ideas 
in <U i nston 1370 >■ and <freiling 197-3 j-„ Uinaton dsvel bps a system of 
decision- rules based on fixed numerical -cutoffs or thresholds, for 
deciding when a SOI c?t Objects in a Scone arc si Hilar enough to each 

Fr e, 11 i, n. ^ 

other, close enough together, or sufficiently similarly oriented, to 
be considered a "group.* Freiling applies the sane principles to 
defining such concepts as "above," "in front bf, : ' "standing in the nay 
of," and "surrounded by." 

Kti.Vi o 

Two more recent papers developing these methods are the 
master* 3 the SCI of Holler bach anrt Kahn, HqIIC tbftCh applies thresholds 
to height-width and neck-body ratios of vases to decide such traits as 

VAa b £ £ L 

"narrow" and "shallow," which he uses to classify the vase by type. 

H-e also uses five discrete categories for curvature and feur for rate 
of change of curvature. 

"tk r t ^ k = l d S 

Kahn, in his tine-specialist, represents such terms as 
" several “ and *l*any" by numbers uith “fuzz," or expected errors, 
Freiting uses one-fifth as a near threshold, and Kahn del toes "near 1 u" 
or "almost" as one^nmtha fly range- threshold Of one-eighth falls in 
between theirs. This value has the advantage of being a power of 2, 

>ri 

2 

fitting into my systen of consecutive nearness thresholds, each daub [9 
the next (quite ne-br, very rear, etc.}. Holier bach use a 2 for about 
half of h-Es critical ratios, and ] use 11 also in deciding whether a 
dinen si on. of an object is tong or- short. In comparison to the lonyout 
di mens i on. 


Kahn does not attempt tc define I he terms "r«ecn11 y" arid "a 
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while ago." faoInting Out that these forms are too context-cfependent to 
bo handled by his methods, 1 show in D 3 HEMS TOWS OTHER THAN DISTANCE 
how mu theory can be adapted very directly Co yioFd .3 g-at i 3 fac tory 
treatment of these phrases, which mean essentialfy "near the preaftht 
time,” 
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Several dI f fersnt -n ear thresholds are defined, each based on a 
different klntl of evidence. Often more than ons kind of- cvidonee Is 
available* and no one of then is known to be tig fit relevant, the 
thresholds Are combined by taking their geometr 1 c re an (Gil? b two at a 
time* GH i] 'vised instead of AH {arithmetic mean) he cause AM is 
insensitive to the order of Magnitude of the emalJer quantity being 
averaged* thus throwing Sway most of the information from it. A cheap 
method Of computing approx i mate Gil is illustrated- 
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Far Ls defined Os Four times near* and other small integral 
powers of 2 are used to def ine guile hear r very near , not gul t c near, 
Quite f ar, etc.* giving a hierarchy of consecutive nearness 
thresholds, A re in ted approach i s uso<i to define 0 system of 
comparative nearness thresholds, *'9,, nearer t han, as nea r as. iy;gr tu 
3s-_ far as , etc. The theory j= sncun to be applicable to time and 
animal size, as examples of domains nther than physical distance. 


Copious examples arc worked out to show That the theory gyves 
reasonable reels! t$ In a uide range of sjjpl icatIona drawn from everyday 
life (usually uFthin^SSt of where a turaian would place the threshold, 

I claim], Smal f-doma I n exanpiles include nearness of lines on a page 
of print to one another or to the top of the page, and nearness of 
pages in a took. Larger examples include bonks on bookshelves of 
varleus sizes, nearness of a pi at ton* standee to the tracks at an rtBTA 
1 e tation, nearness to a poIe, nearness of furniture in a room, and 

£hctX£-<5, nearness to the walls of a long corridor. Still larger examples 

include nearness of offices on a floor of a building, of buildings on 
the J1[T can.ou^, of an apartn^nt to the MDTA, of cart on a mad, of 
Boston suburbs to one another, of Massachusetts towns, New England and 
Amer 1 eari cities, pod planetary orbits. The geographical and 
astronomical categories illustrate the utility of tha Gil rule in 
domains Where there is 3 great difference between object size and 
object distance. 


Different thresholds Ore defined to handle cases where object 
size and distance vary continuously, such as poorness of furniture in 
disc.r*tt a root, and 'discrete' cases, where objects are closely-packed and/or 
xv. evenly-spaced, such as books in a bookcase or tele|ih<Hie poles along a 

Tutors road, | n the discrete case, distance can be evpregaed in terms of how 
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many ah jec tS apart luo objects are. and cne can tell if any object g 
arc hissing from the scene. Jn the continuous case. distance in 
measured betuo«0 tho nearest points cf the two objects* wh-iLe in the 
discrete case* it ie measured fron the centers. 

In continuous case, three kinds of threshold are used: rang*, 
Object *>£0. and Standard, flange threshold is one-eighth of the way 
Iran the minimum pe-gniljlo distance to the maxi mud pos-siblo- distance. 
Special attention is given to twu-dihensiunal ranges, both square and 
e Longated. 

A crude object size threshold tan be defined as tonal to the 
diameter of the larger abject. E present a more refined version which 
take-s into account the sizes of all sin di Inensions that the two 
objects possess between them, hut which avoids, computiny products or 
square roots, A 3 x 3 table gives factors by which thE largest 
dim eos ion of the larger oL>ject should be mwllijjtied to got the 
threshold. The factors are integral powers of 2 between 1/4 and 4 t 
dcpundi ng on which Of t fir c b absoluto s i z.o categorl es the Largest 
dimension Is ln T and Oh how many Of the olx dimensions are "large." 
i*e,, greater than half this largast dimension. 

Standard threshold is based on the distance between the 
members of pairs of "adjacent" object* similar to th« pair under 
discussion and in the same physical neighborhood. It equals; this 
distance or half of if, depending pn uhcShe-r (he c-pphasis is on 
typical nearness or unusual nearness. The latter -would be indicated 
by such phrases as "so near* or "'too pear.* 

For rartg® and standard thresholds, both a local and a global 
threshold ray exist. fi local threshold is based dp the data of thr_- 
particular o«anj)Ie being discussed, while a global threshold is based 
on typical values of data in this kind of example, as retrieved from 
general knowledge. If both a local and a global standard exist, we 
take their CM to get thE standard thr-eaho I d* end similarly for ranrje. 
For ewgijple. in discussing Haw closely the car behind is following us 
on the road, our threshold kill ba affected by the nearness of other 
car g to each Other in Our neighborhood on th-o road (local standard! * 
since we will have a strict fir threshold in a traffic jam. But it util 
also be affected by the usual nearness of cars on a road of this kind 
(global standard!.. 

if rsngs, object olio, and standard threshold all exist, we 
take the tiff of the first tua to get the "spatial threshold-." and Jhen 
the CM of that with the standard thre-ohti td. Standard threshold i s 
given noro weight because it la a rore direct kind of evidence. not 
requiring CP|T 1 |HI t a 11 frf COkp I itatCtl spatial bOn?| i ders t i Oalf! that may 
or may not be relevant A threshold should be omitted from the mean 
If Its inclusion yields a mean threshold outside, pr alaiost fl-u t a r tie, 
the range. 


A1 (hough these rules Strts campl ae3(C(! 3rt<| riddled hi th Sd hue 
corrections. the cosipu ta t i on is actually quite simple fer meat 
examples, a i nee only 0 fete of the rules wi H be £|np I I tabic- In 
I ■ '■■■ par t 1 cu I nr, it la often unnecessary to take mean a, since crilij orie 

F-= thresho I d may be available, er ail the thresholds may bs about equal. 

]f they differ by pcily a fact fir of about 2 , the AH may be hsrti tcoo I ij 
substituted for the CM. 


to the di=crete case, J use the fcur-cbject rule, which states 
simply thut two objects in a reu of bbjsetij art: near (or &r.& object is 
'Ccn-r rt ceif, end of the rouJ if they are four objects apart three 

objects in between thuml, This is adequate when the size of the r&u 
"‘ Jtrt ia Addera to, about tuo or three dosen objects in length. For the 
n r L‘ rj ru’it y&faCs-T a I case, E take the CM of ^ and the range threshold, which is 1/B 

of the total nunber of objectn, giving a threshold of VW2+ 


S-V’, -2 lt4f 
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A discussion is given of tno-choice cases (near onp end or the 
other) and three-choice cases (near an end versus near the middle!, 
and an axiomatic treat man l bf these for small number of objects ia 
given, based on coitiionsen.^ properties of near . It is shown to he 
very close to the square root rules. 


E define Several dimensions of usage of near, including 
symmetry, definiteness, and Eocative-coupbrati vb. Those usages are 
likened to Martin’s distinction between different senses of 
propose t long such as "tjitb," ci USS for identifying usage are 
d i SCUssotl, and the relevance of usage to answering questions about 
near io i I lushalcd* 


v u. 
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The paper also includes Cl i SCUSSi COS &# vagueness sod 
transitivity. Three kinds of vagueness are dlstinguishedt ambiguity 
oF meaning* useful conceptual vagueness (Kahn's "fuzz"), and 
Statistical vagueness due to randan variation between observations. 
The last ray bs reducible* by repeated oh so rvat ions, but not the first 
two. 


From simple statistical considerations, amended by a 
psychological observation abdul ln« s-ugyrslive efleet of transitivity 
situations, a realistic theory of transitivity is developed. Several 
more complicated approaches are then conpared, dn-rf it id ibOwn that 
±rc.nt it nothing is gainer! by usidy nor Ha! distributions instead of unlforw 

distributions in defining transitivity, An ex'arajjle is given of how to 
apply the thenry to eowput-e transitivities In tuo-dimensi ona I ranges, 
as well sa a table -of onB-diHenslcna I trano i 11 Vi t tor eecjucnooo of 

objects both in order of 1 iitroas 1 ny distance anti in random order. 






STIIIE REMARKS n 1 -. USE C F THE REPhE TPI C MEAN 


fly use of the {jeomatr fc mean to reconcile thresholds derived 
fro® different aorta of evidence, when these are equally relevant (ae 
[ sho-i is a good default assumption iihen more than one kind of 
cr iXikhsw* s evidence Is present) nay at first sight be criticised as "too 

i*a t-h-ema t i ca I, " too "simple-minded,. H or "not ohat peoolc probably da.** 
L liqu I d tike to say a number of things in answer to these object ions* 
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Firefly, tho Method >$ not a sophist lea ted ^atho^at icaf 
concept, but si rip I y linear 1 nterpo I at 1 an, the simplest way of 
combining two numbers, The CM is 3 more natural form of Interpolation" 
here than the ar(theietlc mean because the latter is insensitive to thm 
order- of magnitude of the smaller quanti tys changing this quantity by 
a factor oF L/i6 or 1/163 ii3y have no appreciable effect oh the AM, 
but does affect the near threshold. The CM is a I way £ bore relevant in 
situations where ratios rather than dl E f ere-ncos 3ro what count, and 
when* there is a natural Zero tb act as a reference point [ZOro 
<tLstance* in our oaset. 

Computational Cy the CM is not really Kuch more complex thin 
the A“. Since na.-.r thresholds are computed only tp within ± 25%, the 
amount pf computation required is snail in either case I see SSt , 

These observations are probao I y true for people in particular, 
since- ue are more sensitive to ratios than differences; (he Usher- 
Fechner Law (see page 74) says we respond to the logarithm of 3 
stimulus, equal ratios have equal effect. This law provides s 

rationale for ny "exponentia"" scale of consecutive nearness 
thresholds, fnoar, quite near . ucru near , ct£+J, in which each 
threshold Is ha if the previous, and is thre Cfl of the thresholds on 
each side t?f it, Tt la likely that while hinder level thought 
processes [including nany higher level vision processes) ere symbolic, 
metrical operations, or some operation capabl* of computing Cfl, plays 
a role too. Since this can be done by taking logarithms and bisecting 
the resulting interval, and ue have- just seen that the brain takes 
logarithms all the time* such a process would be a lot easier to 
envision than, sau T a process for analog rotation of cubes in the 
mind. 


The simple linear idea works in reconciling thresholda 
because the more difficult congi derat ions have already been taken care 
of in computing the individual thregholda. At the present stage, the 
thresholds are numbers and must he combined to yield a result that 
depends continuously on both. Only when this final mean threshold is 
applied, is the nunber converted to a verbal judgment. 








H, n v '/ 

hy use of interpolat ian to reconcile several ideas based On 
Hor-c sophisticated knowledge is sinilar in spirit to Minsky's fraae 
system tor perceiving roous and cube;, lie Suggests linear 
interpoiat <cn between Several tyoica', but qua 1 1 tat i ve 1 y different, 

"fVnvftt & 

viewj, ] { is important to distinguish this MSe of Iflterpfl f at ton a® a 
final step in dealing with data which has been sufficiently ecfj i 131 erf 
over, from, sOy, Groenblatt'a static evaluator for chess, where E inear 
combination is used fls a first gpprq* 1 pgt Icn in a s i tliat j on thot 
requires further thought. 


fly examples show that the ER oi rgnge T object size and 

Standard Ihreshulds ! S 5n elegant representation &f this mr. L 0n»r.y [}f 
near aver wide quantitative and qualitative ranges, including distance 
between cities, between furniture in a room, and be tween pages in a 
t^o-ck^ mother people Ipdeed ccnpute DH l-n either ? digital or analog 

i, 

v e r ■ & L ct i \ , t -j 

fashion, or whether thsy memorise a table of values or a large 
co Election of frames, is another question. It seems unlikely they 
could have enough frane® to Interpolate s+ioolhly a tuna coverai 
dimensions simultaneously, without some form of linear sroothing at 
leasl between frames, if not as the basic formula for the wholc 
process, And such a ays ten of frames with smoothing, especially since 
it would prpijobly involve separate frewe systems for different 
contents, would Sfetid! Elko an unwieldy way of doing a problem wh ; ch I 
have phdwh tan bb hand 1 od in all contdets $ 0 - singly, Nevertheless it 
is certainly possible that people use such a patchwork method, in view 
of its applicability to a wide range of atliEr problems. 

£L 

& i 

t* A. ITl 4 

HCU VAWJE IS I-3EAFI? 

In deciding fqr which, of various possible di stance i- between 
two objects, ths two objects would be considered near, there is an 
Interval or band in Which thu dlstanco could he considered cither near 
or not near, This band separates the two regions In which the 
distance is cl early near nr clearly not near, !n estimating the near 
threshold, a person wilt choose some point in this band. 

litj 

L~t 

] estimate the width of the band, foe situations in which the 
range cf possible distances is not inordinately large, to b® about 50X 
of the tiean threshold T [the center of this band!, extending abo^t 2&X 
on each eldc of this mean (see Figure la), Thus the (onset acceptable 
value of the threshold 5 3/4 of the near threshold, and is 3/4 * 4/lj 
■-* 3/E pf tliifi highest aocaptab 1e value. 1 think it is reasonable that 
the lowest and highest acceptable values should differ by about a 
f ac tdr 0 F 2i 

These ratios of 3/-^ and 4/S are close to 1/-Y1T This 

suggests that, a 1 though the*25% vagwGrtes$ hand |-g convenient for 
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practical purpose*, a more natural definition would be to set the band 
limits at 1/Y2 T andY2 T, so that the ratio of extreme acceptable 
thresholds is exactly 2, consistent with our hierarchy of consecutive 
nearness thresholds differing by ratios of 2. The highest acceptable 
value of each threshold is then the lowest acceptable value of the 
next higher threshold (Figure lb: for further remarks on this, see "a 
ratio of 2" in CONSECUTIVE NEARNESS THRESHOLDS!. Also, by using 
ratios instead of differences, the orror allowed on the far side Is 
greater, which makes sense, since there is more room for error there. 
VT (-1.414) neana ue are allowing as much as a 41% error on the far 
side, which may be a I • 111 e excessive, but this extreme value will 
rarely occur, since errors are distributed normally. 
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It would I/O Interesting to test the Above i d£3S tj i |h human 
subjects, t think that if an empirical study shows a band cinch wider 
than 2£t£, it is 11 kelly that the sub j set e are attrtbutlrtjj d 51 tor on t 
meanings to hear - To avoid this aublqu I ty . c^is must make the co-ntewt 
□r purpose of the judgment sufficiently clear. 

But when the passible distances vary over it great range (at 
least 2 or 3 orders of magnitude), on? may wish to irverttase Eh*; 

bftnduidth s i gr» f i cant I g ever oF thrj thr ... I if. Thus even it *rv 

has spns i doa C'f purpose le,g.. to search for planets), it 13 , quite 
Eikely very vagus to sag "The spaceship was near Algol," One person 
:i.?M set the threshold at fiv? light ysars, another .it one-tenth tf‘. 
in general, ue can set the bandwidth equal to the ratio o-f COfisscut i ve 
tioarrierig throshoIds, ao defined on page E-7. 

There are two nays in which wo cart view the 25‘£ vagueness 
hand, It may be due to an Inna to uncertainty in the thresholds there 
19 no gpgd reason why the threshold shou I d be located at one paint 
rather than a nearby point. Cr it nay be that there exists 3h Ideal 
threshold which could he approached as closely as ue wish by taking 
the mean of a I ary:: number of bun an judgments, provided that we can 
avoid the onbiguity problem. The vagueness i 0 the second cose how Id 
fee a statistical error I >JI a11s11 ca I vayumnessi. (Since we dec 5 dod 

that human judgments a I Host biluays fall in this band, the hand -would 
correspond to at least two standard dev) al lens I95W) of the error 
distribution, which would be sons variant Of Of normal distribution,) 
Uhlle it is difficult to di sen tang 1 0 those d 1 f l <*r an t kinds of 
vagueness, it is convenient for US to assume an ideal threshold, since 
it is easier to d&sign a theory which predicts one than to design w 
fhc-r>ry which predicts a vague threshold, Ue can aii/ay? add ths 2b5t 
vagueness caveat afterwards. 

Phils ue da not necessarily expect our theory to neat ly 
predict the center of the band, 1 : 1 ; do lio-pe that It Mill at least fall 
within fhs band, En uost of the examples E have tried,, the theory 
does do this well. Sn the remaining Encamp! as. it comes close* 3 m flit 
few cases when it falls outside the band, one can usually spot some 
logical consideration unigue to the situation, nhTch Phan added to the 
general theory gives a better result te.g. the corridor example on 
page 33) „ The reader may judge For hifiEelf how justifiable these "ad 
hoc 1- considers Elona arc. The real world Ls bound to include 
occasional special clrcunstancee. especially from the point of view of 
toddy's ignorant computers, and so E dn ont eonsidor taking account nf 
them in this nay to be "fudging," as long as ] can show ft good 
rationale which clearly is not applicable elsewhere. 

This value of*: 2SV. also guides us 1ft deciding how accurpluly 
we should compute the threshold in cur theory, Inaccuracies in 
computing the theoretical prediction can ete» both from failure to 






In tcrpotatd smoothly the the Dry, which sets up object size and shape 
Mtoyorias based an integral powers of two, anci from ar i thaia Hcit 1 
approwimations in the computat ton. There is no point in coupy t ■ ng. tho 
threshold to much better than ± ZS%► 

Ctmr. 

Va^ytn^ if 

When E call an object near. ! an saying it is within the near 
thresho-Fd. 3 .way also be implying soaslimes that it is not within the 
next snalier threshold. t;U i t* near . In any case. there is atill soma 
uncertainty in the object's location. Unlike ambiguity and 

Statistical vagueness, this uncertainty is a desirable charge ter i a t i c 
of the near concept, giving il its usefulness. Ue can call it 
conceptual vagueness* Tt lo cguivO 1 enf to Kahn's "twee," 

"i k'« J v 

Let uS rev leu the three kinds of vagueness defined above* 
C&neeotuil vagueness or "Fuiz‘‘ is an uncertainty rie E ibera ta 1 y 
incorporated into the definition of a concept. Statistical voquenesH 
is a yene-ra 1 1 y smaller uncertainty caused by husn5n inconsistency, and 
reducible by averaging repeated judgments when a more precis-e value 
would be iBsan 3 rtg f u 1 * Anib i epu is a 1 Srqer uncertainty: caused bg L.gck 


of Know 1 ottgo of the purpose Of the judgment, Or, if you 1 iKs, by the 
fact that one word represents a nwnbe«- of different concepts* 

HOW TffAMSlT]V£ [S NEAR? 

V^iT t- r rr,. 

A i ft r^vlitn 

Another prcblaii that suggests itself in defining near is how 
to ensuro the right amount of transitivity. For example, if we know 
that A is near 3, and B is near C, then we would expect that A is 
probably near C, but clearly ue would not want such 9 chain of 
reasoning to be Extended indefinitely. 

Most definitions of near will be based gn some cutoff pount* 

Ue might define, for exanple. tug objects to be near each other 
whenever their distance is less than sons threshold I* If we assume 
that (WEAR A &) implies that the position is distritmted uniformly 
within ths interval (II, ^T) then MvEAR A B) and [NEAR B Cl imply that 

m 1 

Of Jt-r 

c v>. ^ hvi£ 

th«r* 3 6 a &9"S. thane* of (MEAR A CJ, if the three objects are in 
alphabetical order on a straight line. [The su* o* lh& t«o beans, 
each T/2 t gives the mean sun. T. Also the sum of luo randow vgriatjlou 
up th uyirshi e (r i C distributions is itself syrinetric. Therefore its mean 
is its median, So the chance is sax that the sum is less than T. > 

r n n J.-km 

O ¥\ ft TM C 

If they are in random order on a straight Sine, we yet 75-TS. 
{Th*re 3 s equal chance that 0C huit be added to, or Subtracted from 

AS* 3 f added we have ths alphabetical case, getting 1/2 w 50^ * 25t£, 
and If subtracted, ue {jet 1 /? x 169% - 5$*, yiviny 3 total chance of 
?$% fpr (NEAR AC).) 

Hi+t- ^cjtdl 

il 

Ifitui Tl vety t it uguld sc*w that* if we have {NEArt A R> and 


Ifltlji 1 1 ¥■£ I y t it ugu-lci SC*I* TI |J51 > it we have {KEA3 A R> 3nd 
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(WEAR 0 C], the Chances of [NEAR A Cl arc a Tot closer to 10BI than is 
given By [he abrwc results. There are two ways in which ue can try ti 
modify tjur theory to SCCOLint for this. 

The first me?hod that Suggests i tael F is to assume that (NEAR 
A 01 does not ripl-j a uniform di itr Ibuti on, since the threshold is 
vagus, indicating a gradual cutoff. Thus the. clean distance is waller 
than in the uniform case, and the sum ot two is more |i L -ely to be 
hear . The curve will be something I i ke the one in Figure £.i + 



Th i e curve gives l he chance that a given tfi stance w< E * be 
tailed n ear . The reverse problesi, the pr obahi EI tij that a distance has 
3 given value, given that sotieoro has telct us it is near „ has the tssme 
curve, hut normalized to have unit area. This fellows from Rages' 

Law. 


But this curve has a higher noon lhan dirt the uni fern 
it t>ttliT,rej d-i 5 tr 1 but i cn, bsca-JEe it has a tall outside the threshold 3o large as 
the missing area inside the threshold! 


The second Idea i$ to ssavm* that when people Judge the 
“■ nearness of AC, they use a lexer threshold, since they "expect" AC tc 

t-t. be ^ear, [f Qnfe i s $$ Ignorant that one has to depend on transitivity 

IJ v ■*. tc locate an object, then even □ lax thresh old Is a help, and too 

Strict a threshold would be a hindrance to the speaker in selecting a 










tree* i-uk'C „ suitable reference object. Thus ue shall assume that for AC (or AD, 
etc.) to be near, they need only be at a distance less than twice the 
near threshold. This is the not quite near or almost near threshold 
(see CONSECUTIVE NEARNESS THRESHOLDS). Thus, in the alphabetical 
case, AC has a 100% chance of a I nos t near , and AD an 83% chance (5/6), 
and in the randon order case, AC is 100% again, and AO 96% (23/24) 
(computed fron the sun of uniforn distributions. 
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The above analysis is adequate, but my curiosity led me to 
explore some further statistical approaches to this problen. These 
occupy most of the rest of this section. 
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If we also want to take into account the vagueness of near , we 
could try using both of the above ideas. Since we want the threshold 
to be spread over a band of width .5 T (see HOU VACUE IS NEAR?), with 
very little chance of being anywhere else, we can assume the threshold 
is normally distributed around the mean threshold, with the band 
covering two standard deviations on each side of the mean (95% of the 
normal curve area). For distances less than those in the band, the 
distribution is uniform, giving us a “compound distribution." Figure 
2b shows that, if A8 is near , then there is about a 1/16 chance that 
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it «* beyond the mean threshold. The chance that it Mill not be 
judged near in a second, independent judgment is then also roughly 
1/1G, since the neu threshold Mill on the average bo somewhere near 
the mean threshold. Thus, if A is near B, there is about a 61 chance 
that it isn’t! But the chance th3t it is almost near is virtually 
1001. For the random order case, the chance that AC is near is 
probably about 731, and a I nost near , 331. (] estimated these figures 

by summing the components of the compound distribution.) These 
figures are almost the same as for the uniform distribution. 

The higher order transitivities can be computed from the 
distribution of the sum of n independent random variables. The 
computation is non-trivial, but it only needs to he done once. 
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An ingenious possibility is that the computation could be made 
a lot easier if ue could use, instead of the uniform or compound 
distributions, a puro normal distribution, since the su» of normal 
distributions is also normal. This can be done by assuming that the 
position of B is distributed normally about A, with a standard 
deviation about equal to the nean threshold, as in Figure 2c, The 
probabilities are as shoun in the bottom row of the table in Figure 3, 
which summarizes our results so far. 
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The normal values are much louer than the others, and cannot 
be taken as an approximation to them, unfortunately. They correspond 
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to a band of vagueness extending fron about ,1 T to several times T 
[tine* the band ought to include Almost all Ihe probable location of 
the threshold). This means that the threshold varies by a large 
factor. This might be reasonable in situations where the meaning of 
near itt ambiguous, rather than having merely i to usual btalisticol 
vagueness. 

The analogous valuta for the alphabetical cate can bo based on 
chi-square distributions which add at most 33 easlIy as normal 
distributions, changing on Uj the number of decrees bf freedom. 


For the two- and three-(J i nenainnaF oases. ue can use the 
nut t i vdr i ate case of one of the above distributions, to represent the 
probability that a given distance wj | | be eons i dor utl near , But the 
j ^ ^ afmost near threshold, being again twice the near threshold, gives an 

almost hear area 3 or 7 timu* larger than th* hoar area, uni lit* In on* 
dirrvtnsns dimension, where they were equal- This correspond® to the fact that 

it is easier to pack objects closely in higher dimensional spaces. It 
also means that if an object has been judged near , the distribution of 
its location will no longer bo the same shape {norm&t I zed) as the 
probability that a given location mil be judged near {Figure 2a). 
which is independent of dimension, si rice Bayes T Law ui l I give extra 
weight to the farther locations. 

The probability that AD ig near . using a bivariate uniform 
d i str i bu t i on H looks like roughly G7&, when AB is at its feed I an nea r 
value of T/ f i2 [the radius which divides the near disc into two equal 
Ureas) , Us shown in Figure 4. This is slightly less than the random 
order case in 1 dimonaion {752), and this seems reasonable. 
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US6GE 


Before Appropriate threshold CUH tje computed, prifl (must 
decide the sense in which near is being used fn a sentence. In DUL 
<1375>, R.irtln points out (hat moist common prcpdOi tions, guch d'i 
f*V-s t n '( "with," have up (o a half dozen distinct,, though related, meanings. 

Distinguishing The senses of a word fame a level of linguistic 
analysis intermediate to ordinary syntax and a ful S-f Iedyod semantics 
which tries to explain in detai I the -leaning of each sense. If Our 
threshold system is the f ul I - f (edged sonant i ca for near, then this 
usage chapter is tbs intermediate level fer rear. L describe this 
level In terns of several usage (J i n ens i on a. 
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The first step is to decide whether usage is symmetric or 
asy bur trie, In synuttric USStjS, the order of the two ubjOCt-j In (ho 
near phrase is reversible, and one is primarily interested in the size 
Of (.he distance. Tn asymmetric usage, the first object is cither noro 
movable, more variable in local ion, or wore uncertain 33 to location 
than the second object, which serves as a "base.* five purpose la to 
provide some inforriation about the first object, mating use oT the 
tricre we 11-understood base. 


Usage la also either pair-definite? or single-definite. In 
palr-dof in i to usage, one ■ s interested in the nearness of these two 
^ 11 ,-r - Ac.'f m i Etl objects for some purpose that involves both of these specific objects* 

Neither object could be replaced by another 5 the identity of both 
object* is essential, 


In single-definite Usage, the identity of the first object is 
assent I ad, but the base is free to be chosen purely out of convenience 
L*e for best conveying spew* I n f arms t i on about the first Object, H Is 
selected by good general base qualities, such as nearness, 
familiarity, and lack pf ambiguity. 

Intermediate to pair-definite end single-definite usage are 
cases that may be termed semi -deF i n i te. Here, the second object's 
identity i-e essential Only lid to belonging in a certain sst; as long 
t tlV1 , ,^f,(ut-u 35 ^ Chosen from within (his set. It Is tree to l>e selected Ijy 

nearness or other general base criteria. $emi- and single-definite 
ui E [ be together referred tb as indefinite cases. II use the terms 
"case" and “usage" interchangeably.) 
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In asymmetric case, we said the first object is the ons whose 
identity Is always essential, bu( the base is more ueH-known ir. 
Ideation, Thus (he base is providing s-o 31 ®- information about the 
essential object. This in format bon is always one of two hi mis. In 
the locati vr case, the I iStoner knows the identity of the first 
objsct, and 1 3 bciny (old its Iucatied. In comara11 vo cas*. ho khows 
the location of s&verql eandltlgtas for first object, ami is being told 
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its identity, or else, several objects are being ccmpar ed as to 
nearness to the base. 


If the locative case is single-definite, ua are interested 1 ft 
the absolute location of the first object, ]f it ia pSitr-definite, we 
are IbtcreS(od ih the location of the first object with respect to the 
o doit i v'tf base. (The latter purpose is hard to distinguish frwft simply upm t 1 nit 

Eg kn&w the distance between the tug objects, the usual purpose of 
symmetric usage, but locative i 9 a symme t r i c because the first object 
i a of less well-established position,I 


If the ctnib^r^iive case ic of the first kind defined above 
E identifying the essential objectl . It may be pa i r -de f i n i t e or s i fig I fr¬ 
ee ti i-fttive definite, but if the goal is comparing, it nust be pa'rr-def in L te» 

Since thftrc would be no point in comparing distances to an arbitrary 
object. 


Km.it 6 


All thsse points will be node clearer by the following 
examples. They also suggest that our classification sudHrmK is on I y a 
first appro* i nat ion tc what would be required to fully under stand 
usage? for one thing, (here are various kinds of seal-def bnl teness* 
More questions uould have to be answered to deter nine how thi3 usage 
Information is to bo used in understanding tho meaning of the passage. 




Examples of pair-definite symmetric usage are; m t1ij home I ft 
near ny jcb, so [ don't waste much time traveliing." "Salt and. pepper 
are usually near each other on the table," or even "Put I ho sal l near 
the pepper*" if neither of them has been placed yet, so that the 
speaker is not spool Fying a location for the salt, but Is mere it) 
saying "Uhertver yOLt put them, pul thfrh near each other** 

A semi -de f i n i le symietric example is “I can read easily, as rsy 
chair is near a lamp.* This is symmetric because it can be reversed; 
**1 can read easily because there is a lamp rear my: chair." The 
distance itsolf, rather than the location or identify of On* of the 
objects, is our primary interest. Ef one wished to surmise which lamp 
the speaker was re ter rimy to, say in order to verify hi g claim, you 
would pink the one nearest the chair, or possibly a brighter and mpr* 
noticeable one that was a little farther, Thus, ever in symmetric 
usage, a non-essential object behaves something like a base. 


True single-dot ini Te examples are hard to find in symmetric 
usage, since it is unlikely one would he interested symmetrically in 
distance to an arbitrary object, but we come a Little cfoser in the 
example "ts there anything near the hone?" I"Is the bomb near 
anything?*) But this is still essentially seni-def1 miie, since we are 
not interested in the basts -1 I kfr qualifier of Eh* arbi tTflry object, hut: 
are really referring to “anything valuable," 

, ]f (h* pepper were already on the table* and ! nanled the salt 

1 octL-t e 

J( Vi rt-i, |*lf s 


ItLi-tiue 

to Ub placed near It, or If 1 UOM the mustard placed near the cold 
cuts, this Mould be parr-definite locative. If I dfcd not care what 

e Slim pits 

specific object the salt was near, tut u3s rerety using that Object to 
specs Fy location as in Sncwarirg the question "Uhere I S the sal t? Is 
it near the cabbage?" (Reply: "Ho. it's near the spinach. "► This 

HOJtd be single-definite locative. "Eo it near (he cabbage or near- 
the sp 1 nach?* u&u 1 d be semE-def Ini (£ case. 

■ t- i 

The question of whether hooks on a she] f are near the left end 
of the shelf is Implicitly semi -cfe fin its, since (here is an implied 
co5iparigon with the right, end of the shelF. Thug, no matter hOU short 
the shei f is, 3 book closer to the Feft ond Mill not be considered 


close to (he right end, find in a long shelf, a book may be considered 

5vr^ i-I? 

near the (eft end as Fong as it is clearly nearer the left end than 
the right end. (See " tiio-cho i ce nearness, 4 page SI, for a more 
detailed treatment of this problem.) 

U^C. -4 

As stated above for asymmetric cases, the first object To 
either wur e movable, mere vari able in 1 scat i on, or More uncertain a-p 
to location. Thus if a person is about to start up his car, l might 
cay "0fi careful, the cat is rear the car.* Sir! if ne are gaging the 

C ^-J.-«.l i ’ 

car into the dr i VEu3y, and ns know the cat or Grandma is in the 

Hi 

driveway, I might say. "Do slu'-i. The ca<- will be near the cat soon," 

( 6 i.d tur« 

or "The cor is non near Grandma in her deckchair. “ However, if the 
driver didn't know the cat or Grandma were near the driveway, they 

C Q i«. 

would again have the more variable locations, and i might say "Go 
a 1 □ ri , the caf t or Grandma, i b near thE car," 

l« >i V T, k\ A (• 

tn buy 1 ng a hoy^e. \ ueutd *]s the h-puse far frpm fhp 

shopping center?' because, since 1 have not yet decided on this house, 
i to position i u Somewhat variable, 5r»d even uncertain if 5 don't know 
where it Is. But if 3 am with the realtor at the house t might ask 
“ 1 0 (he whopping cectftr far frph here?" 3f 1 buy file hWum-R gnrl my 
cousin cores to visit ne for a week, he would ask *[ s the shopping 
center far from your house?" since ho knouS my house better than he 
knows (he shopping center. 3 f he asked 1 11 ts your house far from the 
Shopping center?* j night take this as an implied slur against my 

L ill 

house's 1 neat ion, or as a hint that he diet not want to do the 

u: * i- J p j- J e_r 

shopping. This is because he is treating my house; as variable. Os 
something uhoae location is to Pa questioned, rather than os a given. 

t Ives -f^.,-. 
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Further properties of o base are familiarity. importance, size 
and rarity-. Parity is useful because, with a common object, you don't 
know which one you're referring to (e.y* "His Eiouse ia near the fire 
hydrant, 4 ! Familiarity and rarity are not mutually inconsistent, as 
you need only be famiiar with this particular instance of the object. 

CO ^ ^-rt r-n.'t-i ^ * 
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Consider the question "Is the red chair near the w3l 1 ?“ This 
sounds *i Ihpi* pair-det i n* te locative, ekpec t * ng a reply like "Alo. it 
is far from the nail." or si-ntjl a-def ini to locative, expecting a reply 


e fv% p ic i 


I I ke* "No, it is near tho door," However in some cm!e.» t s cne would 
be mors likely to reply "N&. I he blue eha i r i& ne 3 r thy wall** (n 
this case* the task of the listener is not to locate a particular 
chair or learn Its distance froii (he nail, but to select among * Or 
Compare, several chairs as ta nearness to the wall, because one wants 
the chair t£3 Mith this property. This is corparati vb us3gfe* From 
the speaker '9 viewpoint, however, the chair was fixetf (uS'Stht 1 a I 
identity! and the wall as b^e was selected to describe it, somethin# 
like in locative case. 


f -B- ^ 1 v e 
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Usage is more explicitly CQhpar-at i vO when nrlrrr _lh3n, nrflrt; o-1 

Of Jd hear .35 arc Used, or when rear is in apposition to a noun, or is 
in an adjectival clauaet The chair near the wall is blu-e," dr "The 
chair which is near the uat I is blue." Set it the clause is set oil by. 
commas, it is locative, being equivalent te a coordinate clauss;“The 
chair, which i % fieiir the wall, i a blue-" (meaning: "The c-hair »□ blue* 
and it is rear the uaE 1 * " I Also Iccalive are adverbiaf c I ausest 
"You'll find the chair near the wall." 


Jcte 
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klhat case is meant is not aFways obvious from the sentence* 
since 3 sentence may seam indefinite le. g., “The chair is near the 
wail" - - the waI I looks like It wae Chosen freely Frota ,emony 3l I room 
objects because it happened to be one of the nearest one a to the 
Chair, and thus, serves ns a convenient descriptor of location! * but 
the contest n3y make clear why that base had to be chosen (“so you can 
lean b3ckw3rds id *t safely"] * giving a symmetric pair-definite usage* 
Of the cbnte*t npy specify a set from which the object had to be 
Chosen [the previous sentence Jiay have been * h. I I the furniture in his 
row Has al ther rear the wall or near the window"] 1 giving a se-mi- 
definite Locative* 


Objects referred to by "what?," "which?," "a," 'any," etc., 
are clearly indefinite. If ore object seens to be rather arbitrarily 
Chosen, such 3s being 3 member of a set of identical cw grouped 
irtit^ntu objects, c.rp "fly shot landed near the nlnsbaH," or if \ t is an 

uni ntcrest my or jpmovafljle object, such 3s 3 wall or ck>br (aince tholr 
nain use In nearness phrases is to locate or so led other objects], 
than single-dafinite usage is likely. 
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Syiriietrie usage is indicated when the tub objects ere similar* 
Symmetric and pair-definite locative are usually d i ear i n't nab I e from 
other uc ages by the pr see nee of a clour purpose in wanting to know the 
relative prowinsity ol these two particular objects, e, g. , "I hope the 
sprinkler isn't near the picnic table." Comparative case is usually 
0 *p I ic.it from the gr animat I ca I form oi rn;ar pr the re 13 F i c?n pf the near 
phrase to the gen fence. However the case where the first object io a 
member of an identical or grouped set cun he cither Incut Ive or 
comparative, "Is the red chair rear the wa f i " as we gawi at the 
beginning uF the section on comparative usage. The cases depend on 
what guest ion this sentence Is construed to be In answer to, Tnlo 






problem reaemblem the reference problem in language understanding. 
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Once usage has bean diagnosed, the pair-definite cases are the 
s i dipleg t to deal with, since we know which two objcctm wy arc talking 
about T antf neither can be upstaged by a ghostly member of some 
implicit cPass of objects. Nearness can he judged usrng a threshold 
determining system to he described later in this paper. 
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But in the single-definite eases, one au^t flr^t determine 
which,, If an^f, pf tli* eligible objects are near t and then select one, 
or more than one, if approprlute. The termer procedure is basically 
the same as that to he used for the pair-clef Ini fce determination of 
near ,, white the latter will be done as described presently. 
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A stricter interpretation of the threshold should be required 
for pair-definite cases, since, the two objects being already 
determined, our attention is IikoEy to focus in Sharply pn them. In 
indefinite usage, on the other hand, we do not have to be quite as 
Strict, since usually we are merely trying to find an object, and any 
hint that reduces the search is helplut. This is (ike the I apneas. or 
^suggest ibi I i ty“ in transitivity on page 17 . In sem i-de F i n i te £nd 
comparative usages, it is often not even necessary fdr the Object to 
he near, as lony as 1 t Is nearer than the other objects, as in the 
end-of bookshelf example on page 25 . This is especially true if the 
Content absolutely requires selection Of an object, e.y. *Uhat city is 
nearest the North f o I e? T Hut if a very near object exists, single- 
definite usage may actually he stricter, confining the Choice to the 
nearest object to the exclusion of other near objects. 
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Never tho less it will usual Iy be useful, even ifi comparative 
case, to apply the threshold, If 1 say "Take the nearest subway, 1 " you 
may reply "There is no subway rear herC,“ [f 3 Shy "Alt the stores 
near here are closed," 3 certainly mean at least the nearest one, but 
it is unclear how nary mors [ mean until acme nearness criterion H 
app I i ed. This n-ay be based on yrirjpi ny the stores by iTteir relative 
near nee a to each other, or mag be based on a direct application Of the 
threshold to each store. Clearly hew we tiake our selection ones we 
have applied the threshold will depend on how important it id to 
select an ob jec t„ and wha t kind of results we are welling to flu t up 
with. fSee "selecting the near object," be low. I These - matters 
require an analysis of the purpose of the judgment. 


A good ewaruple of pair-definite strictness occurred to me 
While exploring nearness thresholds empirically for thio 
Crjett-t -fg- investigation, I found that when 3 asked myself 'Is thi a object near 
that object?" 3 tended to use thresholds about half as targe. Or 
v niftSftrtrJ gmpiEer, than thresholds that would pass in normal conversation, Which 
is usually sing Ie-dsFinite in referring to the undistinguished i tens I 
uas using, such as books, pen 5 and typewriters. 
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Vocabulary 5a important in determining usage and &trictrs^s. 
"Near the end of the table" ii not a? nusr as "nerrr thfi edge of the 
table. 11 ‘"End"' emphaa i zco the range, berny an implied semi-de f ini to 
case, making a COUparisen with the middle, “Left oncl" 1 hQm! d ije a 
comparison with the right end, "Edge" emphasizes the object "edge" 
which has zero width, and hence is pair-definite with u very strict 
threshold. 
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] n an si-cer 3 ng the questions "Where is the Squash?* or "ts the 
squash near the cabba-ge?" (probably srngle-d*fInl te locative! in a 
grocery store, one must not only Check that they are near, but a I no 
whether something else night ho nearer, [n the latter case, and 
especially if the ni-.-iinil uuject was only marginally near, qr the third 
object ttuch nearer, one must add a caveat *Ve&. it is near, but 
something else is nearer," or "Yes, in fact, it's right here near- the 
eggplant." If -ssc-ond and third objects are both about the same 
distance, but the third Object I a mere important, one favors it. If 
the third Is equally important, one (night feedt iflfl both I but rot too 
many, unless you can refer to them as a ynjuplU If the third ia less 
iwportant t ignore it. Note that in seme ways isnoyable objects are 
feet ter bases since you Mom Mlhfcre they arc. but on the other hand this 
very fact makes th^h le*s remar kali I e and hence loco I iVrlij to be used 
in some: cases. Near 3 wall, door, t>r fleer I amp possibly near Sr 

than Pear a pair of skis leaning against tho wall* as the latter is 
more remarkable and so has a larger "sphere of influence. 
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If the second object nas named, a* in an assertive sentence, 
then one can 'go a I eng" uith the choice in moot uf the above cases* 
but if it is mb who are frj select it, 59 in answering a question, then- 
one fof lows tho above rules strictly. 


Thresholds for as near as , -til ch j le n ~er tha n, etc., will be 
tleve I oped ccrolfaries to our near determiner (see CQHPAR1G0N 
THRESHOLDS!, 
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Far 1 !, i f has a fjr u so n t a t i on cons idling of several p-ijsses over 
the same subject matter, This overview Chapter Mil 3 Introduce the 
reader t® the Comply* i ly of the problam and the kinds of concepts that 
Hi M be need-id for the so tut Ion, The i ndependen-1 netct fpr each of 
re IuIl. these concepts will be demonstrated. The following sections wj I L 

develop iftflch of th-e*!) concepts in detail, and apply them t& ewamp I e a, 
to see how well they actually do, Often the sane examples wilt tie 
worked several tines, at firs! usaiifi just one or two of the basic 
concepts, and later using the complete system, and the resu I | $ will bo 
compared. 


tinting the judgment of uhat f* near in a given si Cost Ion 
depends on a number of different kinds of factors, These sneIude 
contextual information such as I he purpose of (ho judgment, the range 
of possible values in the specific confect (local rajrqe ) , the distance 
botucon other pairs of objects In tho locality t i or a i s t and »rjf I. arrj 
the size and shape el the objects involved; end general knowledge such 
as typical values of the range and standard in this kind of content, 
( global range and globa l standard !, and the the acal« t»f distances 
i Cl ' m~fc n 5 , that characterise most human activities {a bsolu te sl_zel» f!n this 

essay, "content" will refer to Information given rn, or inferred from, 
the actual te»f or scene in which the particular instance of rvcajr 
being discussed appears, while "generil knowredge" will refer to 
relevant general infer eat i or culled From our long-term nernory Ijy tho 
inforna tion in the con ten t. The "situation" ui3 F refer to both. The 
relative inportemee of these factors itself depends on clues in the 
content, and on general knowledge about the content. 

Consider the example; A friend oi mine is in my room and asks 
me "Where is gpur copy Of Brave Ifeu Nor Id?" 1 reply. "It's near the 
€ if a, Lv middle df the top shell In my bookcase "or “It's near Blake , on my top 
she If," 


The purpose here is to help my friend find the book, given 
that he Is In my rooji or knows how to got to it. Thus near should 
select out soi?c reasonable fraction of the possible locations, L„e., 
v (r-fWy*,=i-ii*n,~ the various positions on my top shelf. The selection should narrow 
I , *. the field of search by at least a Fact pi*- -of Emq or fnejsr, but riot by ot> 


tth". I v tritii*! 
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lt ' much as to restrict the field to a region that cowl el better be 
t s n * y A * Unn* referred to by the terms "at" or "nc*t lo," 3s that nou I1! limit the 

applicability of the near concept, as well as make it d mere synonym 
for these other terms. 


IctJ-l rcntjlf. 




therefore an tipper bound for the meaning of near uCruld tie some 
fract1 on of the length of the bookcase. The length at the tooakc 0 j e is 
the local range , A loiter bound uoulrf bo some mufti pie of The size of 
the book* Wo t only dues a smaller object need to have its location 
more exactly specified to he found easily, both because small objects 
are iritrinsica ny hard to spot and because there cao be more of them 
in the neighborhood, but also a small book can bb Merely near at 51 
distance at which a large book would be "af or "next to." 


" The meaning of near sh-oiild not only be confined somewhere 

Hi thin tligje btfundg, hut should depend continuously on both of them, 
i I we are to make full use of the irforndt Ion they provide, tie might 
expect that, given the r«M I q of- thrge two hounds. U're ratio of the 
near cutoff to each of them wc-u I d he deterriined. 


But this i g net all. Even if we hold this ratio constant, by 
increasing the thickness of the books in proportion to the length of 
the ohe I f, wc would be less tlkety tb refer to a distance equal to, 
say 1/4 The length of the shelf, as near in a long bookshelf than In a 
I i short one. In a very, short shelf, all the becks Mould- be near each 

- r " ' other for eowe purposes (though they would not a I I tkfr near the left 

ra^t end of the shelf). The effect of focal range Is moderated by its 

typicaI i ty or the nlofral range . In ether nerds, s theory which takes 
into account onfij local range and object size works for typical values 
of the local range, but, to the oittont lhat the local range is 
atypical, I t M effect on the meaning of rear is reduced, A ty pica I 
range is one uhose length is near the mean of the global range, tho 
range oF sizes of bookcase Shu Ives as known from general know I edge , 
[Actually, [ use ths term "global range* to mean "tifljical range" thru 
mo a tot this paper*3 
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But this is still not all. Suppose the local range 1$ typical 
for the context, Our judgment will still Pa influenced by the 
dbaotote size Of the distances involved. For a small Context such ag 
the Inside of a change purse, wo would be more Inclined to refer t>b a 
given fraction C>f The range as near than we woukl for £> t Tinge context 
such as a house, a ci ly hi ■och. or a grnrjrapti i ca I area. 


Gut cannot the Concept of absolute aize also hand ip typicality 
. of range? The atypical ly large range would automat i cal ty reduce the 

- r near fractipn-al threshold, simply because it is large, This is not 

tTi J.* * a e true t because a given size difference will have nare effect |f it is 

due to atypicality than if it is Here ly due (0 absolute size. 


To see this, we will compare a natural hi large distance with 
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one that is equals tat atypical ly larger the latter uili seem larger 
because one tends to compare it with its topical value* Imagine a 
ten-foot square living room and a ten-foot square bathroom. On* would 
say that the furniture in audh. a living room Must bo packed close 
together t whereas the furnishings In such a bathroom artj far apart, 
even if these furnishings 3re the s3he in burner and size- 


final iy. Core I 3rd global standards ray exist* On a library 
shelf frot which three-quarters of tho Uoo*s have been removed 
[selected at random from the shelf), two books would be considered 
near, which, on a full Shelf, would not be. Pairs of adjacent objects 
{objects which ere each other's nearest neighbors along the I inn 
joining them! define a local standard for their locality, which 1 9 
Targer for a partly ehpty shelf than for a full shelf. As in the case 
of range, this local standard may be moderated by a typical, or 
global, standard, the typical distance for adjacent pairs in this kind 
0 1 cunlext. In the I ibrary exanpl«» 1 f" s not clear whether we should: 
choose for global standard the distance tetwesn books on a typical 
partly ciipty Shctf, or on a full shelf’ probably the letter unless few 
she I ves are full. 
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Note that a range bay specify a minimum a» -ireHI as a maximum* 
as in the coses of spree or distance between cars on a j-teo. ih:: 
range mini men i s an absolute lower limit, while the standard is a 
typical value, Uhat you mean when you S8j "the next car 5s following 
ue rather closely' is de tern! r.ed by tne cor nones t distance between 
successive cars within your sight (local Standard), since you would be 
less Jlkely Ed h-Ohtibfl it if traffic W3S tfcsnse, and by the minimum 
d i stance cars can ever (or Should ever) follow one another by on this 
kind of road (global riirge mini nun), The Latter increases the near 
threshold, as wel l as excluding snail values frou consideration* 


Tbs above core i d ora t ions Oust do hodlfied when applied to 
Situations where there 3re only a small number et objects, tt ny 
dresser has four or five drawers, 3 r «i likely to refer to either of the 
te c>trt, L two " ne3 4 * the top, 1 ' fhe front two ears in a row of five are 

"near the front 11 of the tins. Clearly objects twenty to forty percent 
w 11 of the way away from the end of a line would not be considered n^ar 

,- iW^t* that end if there were ten or wore objects in the line. in the small 
number cases, we allow it because we do not want near to mean the same 
as "at* H 
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Qn the other hand, in tine case of 3 large number of objects, 
sugh as a magazine Of 75 pages, one may balk St calling many more than 
the last four or five near the and. flf course. Information about 
number is not Independent of our" previous toneid«rat 1 bna; number can, 
in fact oe deduced from range, object size, and standard cli stance* 

But this Is a rather complicated calculation, since standard distance 
means the distance between the nearest points on two objects, not the 
distance between their censors, Uhls is necessary, as uan U* seen in 
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the examples of cars driving near each other* and two tong pieces of 
furniture ngar each ether*} it seens likely (hat number enters as an 
independent cons Scleralion* when the objects are closely packed or 
evenly spaced. This idea nil I form the basis of our treatment o F the 
discrete case. 


In the example of the bookcase, purpose did not play a major 
role. This was because the local range was explicitly given In the 
wer-da "the top shelf of my bookcase*" Were the range? not specified* 
as cars c *n the highway. ue would have to know the purpose of 

the judgement to help us to select a sin table range tin this case, 3 
■range minimus!. Another exapple is? A pedestrian asks ne "la it far 
to Harvard Square?" Clearly [ am mere likely to answer u yes h than if a 
motorist asks me the same question* 

In sum, a procedure to compute near must involve holh l i«car- 
{flm!ftjLr ii l ike functions which weigh the effects of several continuous ly>v3r-ying 
Jr measures, and heuristic rulea ui tn discrete thresholds or cutoffs, 
which tell which measures are relevant and what si?e they riusI he* 
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My suygostion is that the various factors be &rrpngtjfJ fn D 
flexible h default"' hierarchy, or partial ordering, in which i te^S 
initially at the same level, or in one order of precedence, may he put 
in another order of precedence if the situation advisee it. ] tens at 
tho same level get 5v or aged in some continuous way, uhilu i ti-rne with 
precedence may either be given special weight In *omh continuous way 
{relative precedence}, or may be given the whole say whenever their 
value is Known or inferrable f row the situation {absolute precedence) , 
or when they, or other items, have certain values, or In certain 
qualitative? situations {conditional precedwicel. 
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Range and Slanclgrti 

Once usage has been determined, one is ready to examine the 
factors that da termino whether the two objects are indeed near , The 
first question to ask is "is there a purpose explicit or inf^rrablo 
from context? If not. from general know lodge?” Usually information 
from both sources will be needed, A purpose divides the distance 
domain into three reg ons: near, far* and in-between. A vaguer 
purpose may merely suggest that our threshold be "strict" or "1 3 *,“ 

Usually the context also suggests a r.'npe. R.vig** nii purpose 
are closely intertwined, each suggesting a suitable choice for the 
blhpr, ] f both are pro con t in the context, tho range tan be used to 

confirm lhe purpose* [f one does not know the purpose, or If It io 








unclear- h$u use It, he edn usually divide Ihe domain- reasonably 
afjprnprl S-te ly ( frgji consideration of the range alonE. 
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It [ see an ad "Apartment for rent, near H07A," ] infer the 
pur poise “near enough to he easily accessible by H0TA. " But this 
distance can, be es t1 tidied sinply by taking it to nean anything loots 
than Eora moderately 5tia I fraction, say onc-nc i ghth, of the newi mum 
distance an apart bent in the metropolitan area Is- likely to be from 
thE I1BTA. If this S 0 M 1 S too snail, it is probably because the HR IA is 
designed so that -uost places art reasonably near it. If ue really 
consider the whole jis trcpol 1 tan area in choosing the maximum, ue u] II 
probably got a reasonable threshold, An alternative approach is to 
decide that the iiaxlmxim for distance to the HBTA in llnj oily is just 
no- t nu i ta for , and interpolate the other CQM5EGJT l V-I PiEAM-'.clij 
THRESHOLDS [psge t7 ) , This gives ha! f the maximum as tne iiear 
throEhoid (sec also *stardarcT p oelOb. for another approach yielding 
Itt e ^ samp result), See SCOPE AMD NElHDD for some tur The-r examples Df 
range. 


If Itother feils her ion, while uniting for thE streetcar, "Do 
not stand near the traces," the purpose can bo Inferred to be "near 
enough to get hit hy the streetcar,” But this distance can a loo be 
derived hy taking it to be nne-eiyhtti of the platform uidth. En this 
example, however, the child would be more likely to assume Hother 
meant anything significantly less than the distance the other people 
uere standing from the tracks, unless feu oth^r people were there. 

This Mould he an e-xahpl-B of standard, which is often present in 1 he 
context along with range. f5ee pSye 3 6 for more on standard.} In cur 
apartment example, the distance of apartnents from the I1RTA i& 
uniformly distributed through the entire range, an standard is not 
(■•■a:;' i.j .1 :i :• I :: "HI : unluUS C'VJ CL‘f CBS it OJ hcO f ItlB typical maxi Hum, 

giving the same answer as qgr modified range Analysis m the previous 
paragraph. 

Let ua define a threshc10 based nn ranye as shONn In Figure G. 
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Notice that I! we consider the possible position of the object 
. tn be uni formly tilstrSbutad ul fhin, the range* as in our apartment near 
MBTA, the standard deviation ia 1/12^3) =.’,23. Cur threshold ie ,37S 
,L j..■, 11 f iiat n.f»" away from the mean, or about 4/3 deviations. A threshold of 1/S, such 
as Fruiting uses, would be close to one standard deviation away from 
thn l»ra,'in.' 
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For S one-dimens i onaf or elongated tuo-dlmenolpngl range. a 
threshold of 1/8 the length of the range is adequate* Hot tor a range 
with significant width, such as a square, this width shoutd act to 
increase the threshold, since i t increases the sl-Ee of the range 
itself. However we wish to avoid complicated arithmetic such as 
computation of area or taking of square roots* One approach would he 
to define the effective ooe-d'isieriaional range as (he longest cross- 
section of the two-dimensional range tor a hi t more), and use 1/8 of 
this for the threshold, this is still Impractical, since we usually 
Know only the rectangular dimans ions of rooms, not their diagonals. 




A simple, adequate solution is, for squares, to define the 
effective ooe-dimenstonal range as twice £„ the length of aide* thus 
adjusting for the existence of ths width. The threshold would then be 
1/8 of this effective ranga, or S/4, Figure 7 -shows how nicely this 
u&rns out for several examples, tt is reasonable that the large 
square should have a threshold -f2 times Ehat of the seat I square* 
since their lengths of side are in that ratio, ’{"? also seems a 
reasonable ratio for the threshold of the small square to the 
threshold of the straight line. 
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For rectangular rawjes, w? can usually get an adequate 
appro*irnaticn by treating (hum either as a square, 1 - or as a cne- 
t dinensicnal range., depending cn how elongated they are* An 

h4,1 5 tf intermediate (nodeI for 2 k 1 rectangles can be prepared alee* i f 

deslrcd h by a linear interpolation of the two extreme cases. 


Let us see what our rule does for 3n 5 k 1 reel angle and a 
square of equal area, The near threshold will ho- 1 for th^ rectangle, 
and (2 x 2 -Y2 J /S = .7 f □r the square, whose side is 2 Yz. the area 
ne-ar a point at the end of the rectangle is 1, hut the area near a 
point at the edge of the square is 2 * 1.73 1 = I algo, since thus area 1 
extends *7 on both sides of the point, clue to the large width of the 
square. Similarly, both figures have rear areas of 2 for points near 
the center. 


Ws nay see this equality as a balance of Two opposin# 
tendencies - - the square has smaller dimensions, reducing the 
voe.miLr threshold in proportion. Out it is also more compact, leading us to 

■j expect that a greater porting of if wl ] l ha near any point, other Ihpn 

"■ thapt; " a comer. Thus we are ne-j&urlfig shape without multiplying sides or 

taking square roots. 
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In the case of very long ranges, such as roads,, or ranges in 
which one dimension is of different status than the other* an 
alternative definition nay be indicated. Our regular definition 
treats long objects as one --d i hens Iona f, ignoring their width. This 
way be appropriate for cdhpariiig the location of buildings on one 
l>loci* of a street, where total length of the block is relevant, and 
width is not. But in talking about nearness of tnu ohjsets on a 
sidewalk, or nearness of parked cars on a road, it is clear that the 
■width of the range is moro relevant 3s S near threshold than any 
function oF the length, which is essentially infinite. The width is a 
natural scale unit for phenomena occurring in such a range. Sometimes 
one may even want to use a smal ler scale, Fetting the width be range, 
and taking 17£ □ F it as threshold. This would be true if Ohe has lost 
a small object on the sidoujlk. 


Examples where a single diM£h3iOb Is the range would bft 
rtSamfcSS of page? in a book, or of lines on a page. 
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If you have a collection of smoM bottles in a medicine 
■cabinet, you may say "Put the aspirin near (he antacid pills" meaning 
3pti«"o*l ma to ly thtr standard efi stance between adjacent bottles on the 
sh&It- This i s an adequate substitute for considering fho actual 
purpose, which is that they be close enough su that when you sec one, 
ycu see the other, but far enough to keep yew from knocking one down 
when you pick up this other, if near is used in a sen be that suggests 
’unusua My near," as in "W-hy i 9 I hot driver foFlo«ing u*t so C lose! y?" 
then one should define near ds significantly less than the standard 
d i ft tance be t ween ad j aCGn t objects, *51 gnl f ic-'mt Uj I e e y" can m n a n 
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■‘more than one standard dev1 ation below the standard." but one-half 
the Standard distinct, which ljc i.i & rid in our ajjpr l*ien t'-hcar-UBTA 
example on page 34 1 is an adequate approvia at i on. 



■LS-fc'Vn'-t 


t T If^an 
oLjVtc-i mF 

GTl ft Ufa ¥\ i 
■fcc e,nt af 
CLr.jr ^itr 


Uhen you have a croud of objects □ F one kind near an object of 
another kind, Oo boob I c noar 3 track in a subway Station, you have a 
kind of standard uhleh i® .3 disguised comi-jai-gflve usage. There are 
again two cases. You r* 3 y have to dec idle whether "near the track" 
means "where the nearest people to the track ere, 1 * ).e., compar 1 DOh 
with a standard analogous to the adjacency standard above, or "nearer 
then the nearest feeble,* using the one-hai f adjacency criterion 
stated above. The latter case is often identifiable by use of words 
fikt "too near" or "so near," 


Let US try Out our range and standard rules On gome examples. 
If t tell sempone on the t1[T campus ’Project HAC is near Pq I argi tf." ha 
KF'idt-t e xftrtf (. c a. H jj| db well to assume 3 mean within one-eighth g! I he diameter of the 
u, 'l ‘ IAir campus (one mi lei. say 233 yards or less. 


( f we are on the eighth floor of the A3 Lab bulldiny and I 
+■) y„-^ 1 it,-n, ^ tell him CToorc’s office is near T1 inskg ' s, he wiM do well to assume l 

mean about one-eighth of the greatest! walking distance between- two 
points on the eighth floor, i.e. . at most 2 or 3 off ices apart. 
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[f we are discussing a IB x IB Foot office, and I afiy "The 
desk Is near the window." he could assume [ meant "ui thin about 2 1/2 
feet of tho window," 1/8 of the effective one-dlhensional range 11 for 
a scyjsrp rang® (see page 35: dimensionality of range!_ 

Let us now try iho standard threshold on the above enampteg. 
The standard distance between adjacent buildings on campus is perhaps 
103 feel or so. soriewhat less than the range threshold. On the eighth 
floor, standard would mean one office away. But since office* are 
closely packed objects and we don't want near to moan "next to," (see 
page 31), we would expand the standard to two offices, the same as the 
rang® threshold, A more direct treatment of offices Will be given 
under OlSCfiETE CASE. Enside the office, most objects on the order of 
a ice of a desk or window are, if "adjacent." about a foot apart 
prcbably, not much lobs than thb ra,nyc threshold of 2 1/2 fOSl + 

Standard farnoss can bd defined as greater than four tiwee 
standard nearness, as we shall do for all kinds of nearness. 

Let us try out the rules on distance between ditrea in the 
USA, Since the continental USA is about 3230 niles adroit, eur far 
range threshold is IG0& miles, and our pgar range threshold la 400 
miles. Thus Boston is ns nr- Men York l£lBI. and Detroit is near 
Chicago 1262), Put Boston is rot near Washington (4611, and L-A, is 
Just outside the near threshold of Bon Francisco (412), Chicago is 
neither far nor near from New York (8331, (host figures taken from 
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Sunoco map of Eastern United States,) These judgments are u tittle dh 
(■ he near side,, but probably fit ue I I what a foreigner would C3y, 3n<t 
can be improved it we take into account the 3ti.jp i cal 1 lj large size, as 
3 country, of the Uni ted States [global range). or the fact that our 
range may realty he a part of ths USA, StaivJartfS would give a 
Slightly smaller threshold toe. since the typicai distance betueen 
adjacent large cities is closer to 2&(3 mites [judging largeness by a 
|ppa[ standard). If one is doing smaller cities, it would be likely 
that one's range is restricted to, say, New England, which again woutd 
give reasonable range and standard thresholds, 3s We Shall ■see later, 
when we do cities with the completed theory (page 54). 
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Now let us try a sma I I er-slzed domain, the bookcase. 1 f it is 
4$ inches long, the range threshold i e five inches, or about five or 
sik books. Since, like with the offices, we have Clost 
objects, the standard must be increased to several books, ao ri&ji- 
won" t be restricted to "newt to," Thus we have roiigth agreesant 
between range anti adjusted sfanda r d rules. This example will be 
Worked lr» detai I under DISCRETE CAGE, 


A smaller domain yet is a page of a book* if o page ha a 40 
lines* our range rule says ths fifth line is near the top of the page* 
«.<! *n l, gfijytiled standard would; be close to that* 


A still snailer domain is the distance between pages of a 
book, If □ book has 403 paged, the range near threshold is pages. 
TV- Corrected standard gives several pages. Here we havy significant 

disagreement. The i npl i cat ions of this ui I i be discussed shortly. 


Clues to selecting the appropriate range include what region 
the listener has already restricted the tocalion to. th* typicat range 
tor this kind of context, the distance of the speaker or listener from 
fifst J the scene, and any other distance playing a significant role in 
context. 
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Standard should be based on other pairs of objects in the 
range. Of the same type, or of the saw* or greater importances than tho 
Object e in question. 
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Note that in alt the cases where the range -and standard rules 
worked well, nanely the PidTA, NLT campus, cookca 5 ft, and iines-bn-a- 
paye exanples, the near threshold was only a lew times larger than the 
gize of Ifut objects involved. But in tin; paejes-of-a-book example 
Uhpre the range rule overestimated, its threshold- w3u 53 times the 
size of the objects Involved (thickness of a page), Also* In the 
geographical oxa&ple. where cnc could make 3 gOC-ff argument that Nau 
York and Poston are not near, the near threshold 140& miles) was 29 





t i meo the dianster of a city 120 n i ! ej g> , This suggests that we can do 
bettor by taking into account objeot size* 
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[iiagine two objects located in a void. Each has three 
difeBfia i ona. Consider any of thesa six d i aensi ona to be Farga If It IB 
greater than half toe largest of the six. Figure 8 ahous a table 
explaining the object size threshold we Mill uae H and Figures 9a-n 
iIlustrate it protor]ally, actual size, for small Eind mad i on. size 
scenes 
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The threshoIds refer to the dI stance between the nearest 
points on the the two objects. This rule also takes into account 
absolute size, as ybu c3n see, taking the largest length of object 
that a person can conveniently hold between two hands as the cutoff 
between medium and large. The largest size easily held between Thumb 
and finger ts the cutoFf between medi mi and gJs&El. Of course one 
could add an interpolation rule to smooth the transition between 
categories. Without it, the error Crofltcd wilt be as much 33 tT 2 * but 
this is not much worse thoJn Our desired accuracy of [see HOU VAGUE 

IS riEAR?] . 1S t is a I |ttlie worse than the vagueness error though* 

5 pncd thr object siie probability distribution doss not taper off at 
category edges Hike the normally distributed vagueness error does* put 
the error will be diluted when the object Sr2* threshold is ftoared 
with tha range threshold iStar .) 

The reader may note we have considered absolute size in our 
object size rule Out not in our range rule. If the range rule is to 
be discriminating, its near and far thresholds clearly cannot vary too 
much from where t have set the a l Also, we don't want to work too hard 
do absolute size. For a similar reason I have not used "global object 
size," though this omi sslorv may be unjusti f ied, for further remarks 
□ n absolute size, see page 51. Also, see pages El-52 for a way for 
absolute size to influence purO range judgments via "default’ Object 
size. 


fcote that our treatment of dimensiona li ty is an adaptation of 
dlt treatment of it in the range rule. There we doubled the effective 
length and threshold of a square because it has two large dinans,Tons 
,f instead of one. Here we arc doubling the threshold ton tht average} 

± r eat-r*a r, f- «henever one more long dimension is added per object. The variation 

in this rule fron spa I Ter to [grgtr objiects 1* a way Of nodorat iog the- 
influence of that sudeen transition between size categories. 


As 1 in thu case of long rangas, we may, for tong objects 
(length wore than eight tines width, say; the width ia nea- 0), wi ah 
to ignore the long d i Isamai on [si, and use tho longest remaining 
dimension as the large dimension. If It Is more suF table for our 
purpose. Or a geometric maim of savgraP dimensions may he r«sorted 
tO + flf course ue want to limit use of these fudges to situations 
where we have a goed excuse, fine such excuse Would toe if not using 
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CONTINUOUS CA5Ej Object Slia 


i* 1 


then Mould put the near threshold near the edge ef r or outside, the 
range. 

Let us Illustrate by two examples, Near a 30-toot telephone 
pole i a 7 1/2 leet by object size, ant! this is reasonable despite the 
r great disparity between the pole's height and thickness, since the 

range i s unIiaited, 


Ue ui 11 now examine a corridor problem, where ue do hawi to 
drep a long dimension.. Ue will Ehow in add! t i un* for this problem, 
that a satisfactory analysts is obtained only uhBb a basic 
psychological characteristic of thw situation is recognised, namely 
the Sndl a 11 nyul ahabi I i ty of the two u.itls. For a corridor, both 3 
-range threshold and an abj.eet size threshold esist, and, anticipating 
the next chapter, uMI Use the spatial threghgtd . which Is defined 
as their geometric nean. 


hear'a ten-foot high uall in a narrow corridor neana ulthln 
five feet by abject size, since the wall has tuo large di neng i ons. Ue 
are ignoring (he value of (he rpfi-ssiblyl very Iprsy di wens ion parol Id 
we to the corridor, considering it only a second *" large" di pens ion. If 

the -uidth of the corridor is 4 fe at, th e range threshold is 1/2 foot. 
The spatial 1 threshold Is then "{ITxTTz * 1 1/2 feet. This la still 
^ to© large, since it moans an object only a halt foot from Iho center 

■i^LrtS^jv pf the corridor Is n&ar the wall, Ue could drop another loo# 

dimension*, the height of the wall, but that does not seem a reasonable 
thing tu du, 

An c!j jkc t is a I wage within (wo feet of some wall, and for 
. . . practical purposes the tuo ua I i s are indiet ingu F shab I e. When we say 
m "He is standing close to the uaU H u ue usually mean "close t,D one pf 

a.t -tV -c-A -Jills the ualls." This subtles t s taking two feet is our range. This yields 

a threshold of Y^xlTi * i foot, hotter. 
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Let us check this by replacing one of the ualls by a screen. 
Mow it seems more reasonable that 1 1/2 foot is near the wall* or, on 
the other side of the corridor* 1 M2 feet from the screen is near the 
screen. 


The two wail case la really a quesilon'df "near 3 wgtP vorous 
'near the middle," like the "end of the table*’ example an page 26. 

The threshold is there for a stricter than lb the screen case, uherei it 
is "near the wall" versus "near the screen," or simply "near tho waM” 
versus "not near the waiI ■ h 
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However the pure range threshold of 1/2 f&ot nay be at least 
as good 5 result here, suggesting that it i& best to simply omit a 
threshold if its correct manner of use is not clear* 
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Wc are non faced with the problem of record i log oi*r su-voral 
thresholds, as well as integrating Iocs I end global thresholds* If 
BBv'oral thresholds aru present arcl di&ngro*. and the purpose doaa not 
suggest Use oF El particular thraahold, thSrl &F1 3p|]j"0^ir la Ea ttiheShol U 
can bo calculated as follows* 
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1) If there is both a local and $ Fobs I range, take 
the gecnetric mean of their thresholcSs, and similarly 
for local and global standard* 
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£3 If both range and object size thresholds can be 
foniulatcd, and differ by bore than a factor 
of about t i/4 to 1 1/2. take their georietr 1 c mean* 


Thi 5 now thirp.iholrj may he cal loci the spa | i 31 or i rid i r ec: T Dirtshol d f 
because both range and object size are based on spatial fgeometri ca 11 
considerations as opposed to standard, which is a bore direct kind of 
evidence based on comparison kith analogous exajipies, Usually the 
spatial threshold will oa a good substitute for the standard; if net: 

31 3 f both a spatial threshold a.nd a standard exist, and 
thorp r £s no $Dbd reason for choOO1 pg h Jiartitolsr Crip of them, 
take their Cl“l* 


A*n* 




The arithmetic mean can be harmless fy substituted for- the 
geometric when the thresholds differ by only a factor of 2 or so. Use 
of arithmetic mean for factors greater than 4 would tenet to not 
reflect the order of magnl tutte of (he smaller threshold* 
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Kote that either the range threshold or the object size 
threshold may be the larger. The former occurs when you have two 
small ob J act a far apart, the la’tor -when two targe objects, or one 
large and one small object, are close together. tn the tatter cases, 
if they are very close (a range with snail maximum] 1 , the spatial 
threshold will always yield a mar , idjpeot, since Et Is yreatar than 
the maxi hum distance* This occurs in Judging whether two objects are 
close enough to rub each other. Hers w = bust Ignore object size. 
Similar ly, when the objects are at great distances cor-pared to their 
size, such as planets, the spatial threshold will likely yield far, 

If there .are a great tiar.y objects, such as start in the Galaxy, then 
neighboring objects are bound to be near bu the range threshold, 
though they way still be far_ by object s3?e threshold* fThe spatiaE 
threshold her* turns out tn be about a tenth of a light-year, so that 
only men bar s of multiple stzr sysfcens are near . I Standard would bo 
ths only sensitive threshold in thes-u cases. If Oho desires a 
discriminating judgment, one must consult the purpose for an 
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appropriate threshold, Or fail i rg that, UC« uhichOvflr rulca 
di acr imi mate, Wharf range is nuch greater than Objoct size, one i a 
more likely to discard tbs object size threshold it one knows for euro 
that no objects fait within the spatial threshold, l*e,, when range 
minimum exceeds if. This la the case far planet erg or hi te: 
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If o<ie takes the radius of the solar system. three hi II ion 
miles, as range, giving a near threshold of 4P0 million miles, Sind 
Object size 1(5,030 miles [rough mpsn diameter Of the planets), giving 
a near threshold of 10.6015 miles, ue get a spatial threshold of 2 
million mi lag, do one might aOy of the do 1ar system "No two planets 
are close, but the Earth and noon are close," But if one already 
knows this, one might wish to use the pure range threshold of 403 
million miles, and say r J he inner planets are all close to each other, 
Put not the outer planets. 1 ’ Standard is difficult to apply, since 
there fere separate standards for the inner and outer planets, If one 
accepts the Titus-Sodo Law an providing a standard, one can say ’’flara 
and Jupiter are unusually far apart," sincB the ratio of their orbits 
is off Titus-Boda by a factor of 2, 
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If thflre I a any difficulty in the f or mu' at ion or use of a 
particular threshold, It is usually best to simply omit H t os it Is 
likely irrelevant► tE,(p, the corridor problem on page 41.3 If only 
a range rule or an object size rule can be formulated, ue would like 
to use only that rule in calculating epatial threshold. This would be 
equivalent to assigning a default threshold of equal value tp the 
other rule, corresponding, in the casE of a pure range judgment, to a 
default size about equal to the range near threshold, and in the case 
of a pure object size judgment, to a tie fault range several times the 
8iz* of the two furthest points on. the objects. The option to use 
default values gives modularity to our system, since ue can do without 
missing information easily* 
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However, thsrn is a slight buy in this simple default idea* 

In the continuous case, using a pure range rule, the default object 
size threshold as defined above would bo equal to the cargo thr-eahold. 
Now, thu ratio of the object size threshold to toe object size varies 
from 1/4 to 4 ovsr the nine different absolute size and shape 
categories. This means that ue are implying different default object 
sizes, as a fraction of range, for different absolute size or shape 
categories. Large, globular objects are boing assumed to have h-Ora 
restricted ranges than snail, long Ones* Ther* is no reason why such 
an effect should occur in reality. 

The solution, fortunately, is simple 3nd even has a g-oo-rt eIce- 
effect, Dn$ assumes, not a default object size threshold, but a 
deFault object size, equal to the range near threshold* For the 
Informedia to aboolule sire category, uiIh intermediate number of long 
dimensions, this yields an object size threshold equal to the range 
threshold. But for large objects, this yield* S» default object ni?# 
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thresho I d 1/2 as large y= the range thrEsho Id* fcr interluediate number 
of Ipng dlpan Signs, and tMipp -as largo for ^inflll objects EJc non 
compute the spatial threshold in the usual way, by taking the mean of 
the range and object size thresholds. The net rosul t is to decrease 
Iargs range thresholds by and Increase small ones by "f?> thus 

providing a way In which absolute size can hav© sn-m© effect on pure 
r@nge judgements, 33 - we- promised on page 39. This- ratio just larg* 
enough to os ron-nagM g i fcl a, 
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Our use of defaults moans that the judgment Of the distance 
bat ue@n tug geometric points Hill not ha the limit one wou I a get from 
a sequence- of pairs of sna I lor objects, but rather corresponds to a 
pair of Imaginary;* resaortabte-s5ze-d objects located at the perlnt 9 * It 
is clear that this discontinuity la justified, since points are 
usually used to represent the location of reasonable-sized objects, 
not microscopic objects, and conformance to usage is what we want, not 
possession of nice I.:at her,'at iqa I properties such as continuity. 


It is important to not© that our invocation df the Gil rule 
c.tnetp does not fleam ue are committing oursBlves to an expensive computation 

air?£,+- j f n involving multiplication or square roots, Since we only want the 
c f results to * 2 S per cent, there ought to be a cheap method. To 

illustrate. we wil l show hen an accuracy cf * l jS6'i can be achieved. 
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I f we use only one significant binary digit: of each number, 
rounding in the right direction, wc Mill achieve this accuracy, since 
each rounded number ]s correct to ui thin a factor of 3/2. Squaring of 
this error factor in mu I t i pf 1 gat ion Is undone when you take the square 
coot- Since the product of too 1-digit nLTiher 5 also i 5 1-dig It* we 
lose no significant digits in mu I t ip I i cat ion. Tie must, however, use 
an accurate value ol 'YT (say 1.81 binary, good to about 13l£„ or 
1.811. goo-d to about 3£) when taking tho square root, if the product 
has an odd number of zeros. Since no nore arithmetic Is done after 
that, these entra digits do rot mean antra work. If we omit thera, our 
r&iuit may be off by as nuCh a 4 3/2 lT2 * 2.1, 
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Th* m rule also gives us a handy nay to compute relative? 
precedence, if one ever needs it. In the astronomy example, for 
ewanple, if ue decide that range Is wore important than object size, 
but do not want to completch; ignore object size, we can take the GH 
of the two as we did. and tnan take the Cfl o f that value with the 
range threshold. This gives "Y2 nil Hon k 400 million » £3 mi t E i on 
ftiiES. Thus adjacent innsr pi and to arc just about near each other, 
and Mars, but no! Earth, is far from the Sun. Ue get a similar result 
if ue use the two-mean rule with a standard of 400 mi I I ion, the oean 
distance between neighboring orbite. These result* ar* relatively 
independent of opr choice for object size (10.000 mi leal, since they 
vary only as the fourth root of it. He are, if you tika, taking Into 
account only the or dar of magnitude of the object a I Zb. 



In examples I *ka these, where two CTI's have to be calculated 
in series, one would have to use Her* Significant difj.il5 if the 
threshold is to be accurate to nithin the desir-ed fact or, but, on the 
■other hand, since the the ratios are so large, ue can afford a higher 
error factor in the threshold, in any case* this situation ui I I be 
very rare. 
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In our object sice rule, ue took sciie account Of absolute 
size, dividing it into three categories. The host useful piece of 
advice far treating this subject. Is to try to ascertain f-roft the 
context whether the enpha-sis is Oh comparing the distances under 
discussion 44 11 hi n&rmal-si zo distances, or with distances in their- own 
s i ua range lor some other size range). This is especially Export:-ant 
for very large or very small distances, ]f the topic of discussion Is 
just being introduced for the first tl®e + or listener Es assumed 
ignorant, then one is likely to he talking absolute &i 2o. But ones we 
are engrossed i fi the topic, and have r^re specific purposes En mind, a 
judgment relative tp the standard for the topic is likely, Thus 
absolute size can bo handled by selecting a range or Standard that 
refTecta the reader's expectation of wha t values arc possible* 


Never the I eas T will throw out several ideas ter quantitative 
treatment of absolute size. 
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For, especial ly, distances that do not differ too much from 
usual ranges, one can bias the threshold in a 'strict" or "lax* 1 
direction by halving or doubling it. A n-oro ObbitiQUa 3ftrf less 
practical method, for astronomical and micro seep it dl stances, Uou f d he 
to take a weighted geometric moan of the spatial threshold with a 
distance of 2 1/2 feet. The wein-n, n- dfu:r-e nf relative prtenduneu 
of the one factor over the other, could be selected somehow from one's 
estimate of their relative ihportarvCe for the topic. Probably the 
spilt i3l thresho-td should ho given the major weight, since otherwise 
the threshold will not be very di scr i r*i mating for the topic. Apart 
from arithmetic Considerations, (he main defect of this linear theory 
is its lack of refined consideration of any specific things we know 
about the purpose of the judgment, but it nay Le useful when we are 
ignorant and need something. 
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Ear I i er in this paper, ue u en 11 one d that a vagus purpose, or a 
factor such as usage, may indicate that our threshold shoutd ae 
"strict 1 * or "lax . 41 This can be handled, ae stated abbve, by doubling 
or halving the threshold. This is equivalent to moving the object to 
the next size category c" nunder-of- I Urge- d i mens i ons category, in the 
case of object size threshold. Accordingly, the decision may be 
influenced by how close the object size, or the number of large 
di derisions, is to tho edge of the category, Thi-s Is a form of 
in t-erpol at ion bo twobn tatdgbry values. 


Let ue now tee how the mean rules do for d 1 Atari: between 
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cities, The range near threshold was 400 mif#a+ Since largp Citios 
are about 20 k 23 if les in extent (counting suburbs) , except for New 
York which 5s 40 x 40,. a pair Of large cities up I I have 4 " targ,©" 
dimensione, and the ab ject s'i Zf t near threshold is ZB miles* The 
spatial threshold is V^Sfcf x 20 - 5 0 mi les. The standard distance 1 b 
about 233 mile3. Their mean is -Y"9B * 2B3 “ 13$ miles 12-n ean rule)* 
This mean a Boston is not ijui la near Neu York (sbb CONSECUTIVE. KEARlNEB'S 
THRESHOLDS!* Washington is just at the vftru a tsar threshold of 
Baltiiwre f35(, and Phi J ado l phi a is near Neu York EE0J and Baltimore 
tllSK Washington is not, cujjt'g tar frofc Boston, as is L + A + from San 
Francisco (just over 400 miles each!* Detroit end Chicago 1230) are 
near the not quite near - not quite far boundary. Cities were than $40 
miles apart T such as Neu York and Detroit or Chicago ar* far T and 
cities over 1180 miles apart, such as Neu York and Denver* are quits 
tar . Cities Over 2200 wiles apart 3 rp very tar , such as Neu York and 
Phoenix* Arizona. Under a pure range rule, no cities uauld be ver^ 
far , and only cities 3200 ni 3as apart would be c ,i i te Far . Dochl i ng 
the range because of its tuo-dihensionaIity would only a!tSr these 
results by a factor of‘VI? * 1*2. or less, since the USA >s really a 
2x1 rectangle. I think our two-mean rule agrees pretty ubI I with 
common uoage, when the context is the whole United States* Usual ly, 
however* we use a regional context, because we are nest Interested in 
mileages when driving a car. 


Let us look at the context of southern Neu England. Here the 
cities are about 10 x 10 miles in area, so the object si 2 * threshold 
Is 10 miles* The range is about 208 miles, giving a range near 
threshold of 25 miles* The spatial threshold is ^10 « 25 - 16 mil oh. 
Tho standard distanco Is about 40 miles, since “adjacent 1 " pairs of 
jl cities, such as Bos ton-Providence f Boston-Uorcester, Scston-Maehua, 

' Prpvidence-Uorcgstsi*, and Hartford-New Haven all are 40 mi lea. 

t'Spr i ngf i el d-Wories ter is S0, b u t Spr i n gf 1 a I d-Har IfOrd is 2E. I The 
fue-rtebn rule gives therefore ^'/lb x 48 » 2£ mi les for the near 
threshold and 103 bilos for the far threshold* This happens to equal 
the range threshold* (This coincidence did oat occur for large cities 
In the USA[ cprraspcndirg values were: near two-mean threshold, 135^ 
near range threshold, 400.1 Thus Hartford-£pringfis Id C2£), 

Waterpury-New H&ven £211+ Bridgeport-New Haven (ID), Providence-Fall 
River fl8!, and Boston-Brock ton (16) are rear * Bosten-Spr I ngf 1 e 1 d 
(63) and Sprlpyf le Id-A IbgriLf 13 IF are a I ups t t a r -. Bo a ton-Part land 
(107) and Hartford-New York £113) are far■ 
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Actual ly, a inch Neu York is 40 * 40 In area, we should expect 
it to have a bigger threshold* Its obiect size threshold far pairing 
with snail New England cities is 20 rather than 10 mrlcs. This gives 
ft a tuc-mean rule near threshold of 

YX 40 - 30 

□r 30 miles tor pairing with snail Hew England cities, net nueh 
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1) ii gger mart our 25 in's I ft threshold, due to the (act that the object 
size entered only a5 a fourth root. However wo are saved if we 
remember that distance in CONTIl&fQtlS CASE ia measured from the nearest 
paints of objects, not from their centers. Thus NorualK (431 Is near 
New York, tinea- Non York City has a radius of 23 milesi we can almost 
call Bridgeport noar , Spri ngf L*id U37 miles from center Of New York.) 
i o near the far , threshold. Thus most of the cities in western 
Connecticut, begone! Bridgeport, are neither near nor far from N«u 
York. 


Let's apply our rules to Furniture and walls in a living room. 
Two chairs 3 3/2 fEat high and 2 feet wide will ba near by abject size 
if they are within 3 1/2 feet. If the raon is 20 h 20 feat, the 
affective ons-tfi mensiora I range is 40 feet and* the range threshold is 
5 feet. ] prior 5 ng the twO-di mgniional i ty Of the range, we would get 
2 1/2 feet■ The standard distance also fails somewhere in this ranfje, 
depending on whether one considers all Chairs in the room, or all 
furrtl tufre in the hooh. Thus all three thresholds are similar 3nd 
reasonable. 


A up I I 10 feet high and 20 teet long is on the edge of the 
one-1ar g e-ri i me n s i on and t wo- la- r ge-dir»ensi ors categories for object 
size. Let's interpolate abject size threshold at 7 feet, the dean of 
E and 13 feet. Since the range threshold is 5 feet. We gat a Spatial 
threshold of 3 feat. These arc large. The standard distance Of 
furniture or people from a mb 11 Is probably about a foot, since th* 
distance is likely B far furniture newt tc a ua M but may bs e few 
feet. But two ftst from a wall It still near it, This figure cam bs 
obtained by taking the geometric mean of 6 and 1 according to the two- 
mean rule IfS = 2.45). 


DETERMINING THE THaESHCLD - - 01SCF1CTC C*X 


Lome Number of Objects 

Before wo do any more; e*amplo5, we mutt deal with the 
■'discrete'' case of n ear , i.e.. closely-packed cr even I it-spaced 
Objects, where the pukher Of objects is more important lhan the 
distances or sizes. 

! n the discrete case, ua have a range. Consisting Of the tat 1 1 
number of objects, ac object positions, lined up im 3 row. Instead Df 
object slzo or standard distance, we have as a measure of distance tbo 
number of object positions apart the two points in yuestion are. 

Unlike distance between randomly spaced objetls, diatreti: distance io 
measured from the centers of objects, not the nearest points. 









Let ug now consider several different measures of n a erne s a, 
a , ^ k | The strictest is the four-object rule, S i two objccta, or an object 

c- j and a pgmt, such as the middle or end of thH lire, are within four 

positions of Bach other, they are near.. This rule ie applicable to 
rous Of a dOzan or bore objects, tllith fewer objects, it may still tie 
a good guess En {he objcct-Object case If the ew ample is one where tbs 
range i sn* t clearly restricted to the row, E, g. r if ] ask "Where is 
Kn-uth ?" and it happens to be at cne erd of a five book bookshelf at 
the other end of which Is Hur .v - F -o b I gr So I v i ng , one might answer 4 ft 
is near Human Problem Serving ,* ]f the Shelf is a little longer* i*e 
have a Cfilemna, Should we use the discrete rule which says ’'no, “ or 
toe spatial threshold for two books in 3 room, which would still say 
"yes?" But f*t us restrict ourselves to the row and go on with fcho 
analysis of the discrete case.} 


The four-mbject rule is a rather strict rule in the case of 
. very long rows* and la* for very short tons. A much layer rule for 

r*W large n is the pure range rule. Two entities are near if they are 

within n/& positions of each other. For snail n 4 this rule is too 
fn.-eurv trU strict. We can compromise by taking (he mean of the two rules. Hound 
the result dbwhuSrds, We summarize the behavior of these three 
methods, and a I ogar i thmie rule as well in the table in Figure 11* 
flu les grow la*er Fro ’i left to right. The log rule has been calibrated 
so as to equal the mean rule for n - 10, To test the rules, imagine a 
history paper of n pages, and someone askg you "Where tides if mention 
Julius Caesar?" "Near the beginning'* or "Near where it mentions 
Caul." 
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Fron the Tabie it is clear that the fpg rule 1 e not the right 
one, and that the mean rule do^s.V [ do badly* although for owns 
purposes orip might choose cne of the other rules* Let's look .it some 
samples that us considered ea--licr under the range and object size 
rules. 

Let us loci!, at the offices on the eighth floor, there is a 
problem with the topology, sires the offices ilro arranged a I onrj the 
periphery of a circuitous (rectanguIarl corridor. Lot no consider thirt 
range to he the total number of offices in tub adjacent sides of the 
rectangle, in analogy with The continuous treatment* This mafc,ss 
sense, since the distribution of distances from or>e office to the 
others is the sane aft if only half the rectangular corridor and 
offices o h l s'1 ed. _s tar ting at that office. The range is about 2B. the 
mean is [ -Y*^ ~x 23 S3 1-3. f$cjuare brackets indicate the " lar ges t 
integer in" function.) The continuous treatment gives t 'Vl x. I£0/B J 
+ i - 2. tie added 1 since continuous distances are measured frem the 
nearest points. Thus only the discrete rule makes EJinston's office or 
{IdeOonald's office near Minsky'** TMl 1 3 perhaps reasorabla* 
considering ue are judging the whole eighth floor, not just the A] Lab 
here, if the continuous threshold of 2 offices seems better, perhaps 
this indicates that tie are really judging doors* not offices* since 
the doors are all wo can rtgltg see from the corridor, doors, boing 
not closely packed or loftenS regularly spaced, would suggest 
cent iruous ceee. He will row look at same exarapTfis where the merit of 
the discrete rule is clearer. 


hh 
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For nearness of pages in a- £03-paga book* WO have S range 
threshold of 409/5 - 50 pages. Let us see hou well we can dp with the 
continuous treatment first, lie would get a threshold outside the 
rgnge unless we Ignore tho size of the two large dikiBho i on* Of each 
page. Considering! them only as two rorc *tarye F dfwensions along with 
the Ihl cknese. we have gl* largo dimensions, small size category, and 
an object size threshold of one page thickness- The GM of 1 and £0 la 
7. and adding I, we got a spatial near threshold of &■, Pdf a 11 otae t h^r 
a barf valuft. But thla .approach looks artificial t if seems to wake 
more cense t& take a pure ono - d I r-nsi pna I approach, si nce the page 
length amt width are not cnly too large hut also probably irrelevant 
In a Store fundamental sense, tn this case we have two large 
dimensions, the th 1 ckruesses of the two pages, an d the obje ct 3)70 
threshold is Z, giving a s pat I a I thre shold of [ */2 x 480/S I +1 - 11 + 
The discrete rule gives £ ■|' r 4 x 409/3 J- 14. 3 Ih Irik this is at least 
as good as the best of the continuous values. In any esse, wfc teft 
that the cent! nupua values approach it mere C 10301 y the more one- 
dImcnftionai our approach i ft* 


Let us try nearness of lines on a page. AsduhO the paye lias 
40 lines* each G0 characters long. The lines arc 1 character wide, 
and the distance between Udraccr; lines Is also about 1 character, on 
c ' f r }' i a fine in tf:c usual sense is 2 ol our line widths wide. tFor the 






pur pa a= of the compute!lgn t we are tak, i ng ft literal interpretation of 
the lines as Objocto, in the spirit of the continuous approach,} If 
I we assume the c haracters have Cdl/al length and width. Me gel a 

threshold of lYl x 1/2 w £0 :* 4&/B J i- 1 n 13. too large, tike the 
rt correspend Ing method For pages in 3 book, which gave a threshold 

outside the range. Considering the lengths- of the lines onhj as two 
Bp rg large dimens ions together with the widths. we get 
(YiT"*: U2 * GB/S ] + I » 3, much better. The pure l -di mens-i on a I 
approach yields the same, The discrete rule ■gives [Y4 * 4B/S ] - 4. 


Let us look at my bookcase,, mich is of typical length anti 
contains 50 books on the top shelf, averaging 5/£ inch in thickness. 
The hooks are 3 inches O r 3 , Gjbepk t h ickng 5 so g high. The regular 
Continuous rule gives [ $, ST - *. 50/S 1+1=3 hooks apart as near . 

CA once again rather large. Treating the lertglh 3nd width of the hooks 

only as two mere large dimensions along with the thickness, be cret 

■i tYl * 50/3 I +1*3, again much better, but perhaps a Pi t on t he 

i-tf-jitAvff small side. The pure 1--d i mono i on3l treat rent yields [ Y 2 * 5B/8 J + 1 

j 4 + the h-est value 9P far. The discrete rule gives n 50/fi 1 - 

S* 


Although the appropri atp var Lat Iftns ef the continuous rule 
give reasonable results in alt three of the above ehariples, in each 
case an equivalent result Has provided much more directly and 
logically by the discrete rule. Let us look at two More poofetaae 
examples to lest out our 1 oca I- 3,1 obal bean rule, Me will c paper e the 
discrete and regular continuous rules. 
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Let* a _cgn alder a bookcase B tines as long. The discrete ruin 
gives T/""4 y 250/8 ° 11.2* the continuous Y13.GI m 25B/S + I <■ 18,3. 

But we forgot to consider global range. Since this Ponkcase i$ 5 
times typical length, the g I obal - locO I _mean rule results in a decrease 
of threshold by a factor of - T2,2 ■ 1*5+ Our di *C>-r tr rule then 

gives til.2 / 1,51 - 7, and our continuous [17,3 / l.EJ + 1 ■ JZ 
I since we must divide be I ore adding II. Again I think thh, discrete 
rule is better. 


Now conai der a shor t bgokshej f with IB bo ok 3., _ The discrete 
c iu r fT and PPntinuous rules g i ve 'Y~4 k 10/S ™ 2,2 and '/Eil. El * lfl /8 + 1 - 

, i s 4i5k Corrected by global rang*?, ue get (2.2 x 1.5] -» 3 and (3*5 x 

frr ffvi 1 1.51 + 1 ■ E. The discrete rule seems just right. 
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in judging the nearness of two suburbs of a city f rkti Boston* 
the suburbs generally have to be abutting, or close to abutting, to be 
hear, Jf there is a whole other suburb between thorn, they are only 
marginally peer at most, £.g., Hertford and Chelsea, separated by 
Everett; Modford and Cambridge, separated by Somerville; or CanPridgs 
and Uatthani separated by Lla te.r town, U 3 tertetwi and Arlington are more 
likely tb be considered near because Selnonf, which separatee them, is 
short From north to south, and perhaps because they are 














demopraph i c£j I I y more similar than the other pairs. 
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Hdu do gur rules do? Ue t ‘ a try the continuous treatment 
first4 The range is the Eos ton area. diameter IE miles. The range 
threshold is two n i eS+ Object size is 3 ill lea, giving a threshold -gf 
3 mites. {These distances are between the nearest points.) Their 
mean is just under 2 1/2 ml tea. This ogr^SS u«11 ui ! h :r.jr 
ubscrvp tiorSr 


W J istrext 


Cut sinco suburbs are closely packed objects, ue should use 
the discrete rule, 4 object lengths is 4 k 3 * 12 hilts, The GT1 of 
12 and ? Is 5, But since discrete distance applies to the centers of 
the objects rather than the nearest points, we must sufttract tuico the 
radius of a suburb, giving 2 mi Tea as threshold, the earns as the 
continuous value to the nearest mile. Since suburbs are so 
Irregularly shaped, nn* can Make as ■good a ease that the continuous 
rule applies as that the discrete rule applies, so it is nice that 
they agree. 


Let’s look at towns in Hassachuse11s. The range is 2£cT fai loo, 
tcun i ta giving 25 miles as range near (hresho 1 d. QFame ter a 1 e-ach is 4 aj |o3. 

The cort i ir iuuus rule g ives a threshold of ^4 w 2S = 10. Discrete 
gives "V(4 * 4) * 2S - 4 - IE, This compares to 25 for cities in 
aouthern Wen England. Pne would expect cities to have the larger 
threshold, since they are farther apart. 


Email Number pi Objects 

Let us ses hou the neon rule works for bib If n. Imagine a 
dresser gr filing cabinet with drapers, a very sbpr t bookshelf, or a 
city oIock uith severaI guild!ngs. 


Since ne measure from centers, adjacent objects ore 1 opart, 
the end objects are 1/2 from the end. end in the even case, the 
central objects arc 1/2 from the center,. i4iile in the odd c&se the 
. central object is 5 from the center, etc.{see Figure 12). 
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Thus, for n =*■ 1, the object is near both ends and the middle. 
For n - 2, each object To near its end and the middle, ;and marginal ly 
n e ar the Other object (reasonable. since they are nof gihbar i ng, yet as 
far apart as possible within the range}. 

For n, ■ 3 arid n ^ 4. only the end objects are near the end. 
This Is rather strict, oir-ce ue do rot want osar to mean "at." "The 
shirts Sra rear the top of the dresser" could mean the top two 
drawers, even in a three-drawer dresser, certainly in a four-drawer 
dresser. 


Fpr n = E to about a dozen, the end object and their i mm eel] a t O 
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neighbors arc near the end. D&jecte not adjacent cao tip n&gr each 
other only af n j S, This is possibly slightly too strict, but the 
threshold is close for n * 7. For a! F odd n, the objeers neighboring 
the middle object arc near the middle. Except possibly for n ■ 3^ 
this is reasonable both In Yie+j of the " lamer than at" Criterion, And 
because these objects Are nearer the center than the ends. For n - 3 
this I tt la*, as I I would mean all objects were near the ■middle, which 
would mom to deprive dear of any information content. Of course 
there would still be some infornatlen convened, since tho 
probabilities of the end objects are less than that of the center 
Object* For comparative and indefinite usages, those slpple relative 
probabilities nay be more useful than the cut and dr- i ed 
Classifications firrj- making here (see page 271. For n ^ 9 + the 
third and seventh objects are also rear the middle, a little la*, 
though, they are nearer to it than to the ends- For even n from E to 
about a dozen, the nhjectB one removed from the middle p^ir arc also 
near the middle. For n ^ E, thi j is a little lax, but possibly 
acceptable; they are a (so. and equally as much* near the ends. For n 
- 10, we encounter for the fir at tins objects which Are near na i then 
the middle nor the end. 
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Koto- tho three law cases, 3, S, 9, all occur in nearness to 
the middle. This is because the middle has objects on both sides of 
it* enccnpass i ng therefore, a lot of objects,, but perhaps we feel that 
: n 'j-dor *•••• :rirvi-i. H least end bH r<- -i Fo-mo t i on, not more than half 
the objects should he near the middle* Ue can amend the rule by 
dropping those objects outside the middle half. Ue can <*o the -sasi-e in 
answering ths question N ] s it near tany] one of the ends'?" similar to 
our choosing a stricter threshold in the problem of a man near tho 
wall in A corridor (page 411 , Such amendments, or caveats , to the 
genera I Formula, based on common sense Ipuas 1 ti I y the rfn%lrij to 
transmit a pSviral amount of infornation5 are very useful. Ue will 
boon eeo> Indued, how such com non sen^ e ideas can for* the basis of a 
definition of rear. 


The rest of this section, except for the last paragraph, 1 a an 
attempt to analyze the relation helweer'i tuo-choice noimtss (near one 
end vs, near the other! and three-choice nearness tntar one end, n B ar 
the other end, or near the middle!, Jt tries to show uhy the ^n/2 
przfvdz rule we have developed fils the 3=choice better than the 2‘-choito 
case, and by a "linear* argument, derives from this rule a new, 
possibly more fundaments I, Tfrt" rule for the 2-choice -cAs-e. I also 
develop an n*i onat i c approach for n ^ B, baaed on comh-cni sense 
properties t f near . The 2-choica version agrees with Shr; Yn 2- 
choice rule, and the 3-choice vorsI on avoids the end-sfrlctness and 
middIe-laxity of the YnT? 3-choice rule, 

I f we are talking about nearness to one en-d versus the other, 
i w. disregarding this middle, pti io "Near which end Of the alrest do you 
7-- thtu* Five?'* ns nay wish to be Inner. For n teas than about a dojen. on 
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object is near ore end unless it is almost 
middled In genera 1 1 it is a good h f ]near H 
the two-choice case, 'it is near cne end if 
in thfr three choice case For twice as many 
acts a? an end for each half of the line, 
more strictness than in the 3-choice case, 
both the middle and an end for seme n T 


at, dr- is heyerid, the 
approximation to say, in 
it would be near that end 
objects, l.e., the middle 
Actually, we need a Fitt le 
where an object can be near 


Sinco Yr/2 in the 3-choice fur mu Ia+ the 2-choice formula we 
get by this F i near appro* i na 11 on | s -yTT, The idlest n where the I uo- 
Ond three- choice rules disayree, apart from n - 2 and n - 3 wher& we 
thought the three-choice rule was a little strict, is n ■ 7. Peewits 
for both ea^es are shown In Figure 13, 


y he'reason why the mean rule fits the three-choi ce case better 
than the two-choice case is that it was derived from considerations 
that uijro pair-definite lor, looked at another way, singl e-deF rni ta), 
whereas the two-choice case is distinctly semi -tief i ni te. The usage 
vocabulary is a tittle contusing in this content, hut let me explain, 
Me.ir tag thy range or 4-chjett rule* mean [ near |n a pair-definite 
sense, because one is interested in nearness eta particular abject to 
one particular point, the specified end. Thus we have a case of 
nearness to this point versus any. other point, such as the middle or 
thu end. This situation can also be described as sin^le-dcf ini te (see 
pages 22 and 25 in USAG5) , if we see ourselves picking out this end as 
a convenient base fron among al i points on the Sine, e,g,, the middle 
and the other end, Since the range and I our-ob j* ee I rules represent 
our general nearness theory, it is not surprising that the situation 
they fit tan be viewed in several ways. The two-choice east?, on the 
other hand, is distinctly semi-del ini te, as the nea r point must oe 
ch-cigfin from o act of two epe-c i f I c point a, the two «nds, 

_, The Yn rule fits tho tWO-dwic* caa* possibly hotter than the 
Tn/2 rule fits the three-chpic? case, despi te the f^ct that we derived 
the former from the latter, using an appro* i mat ion. This suggests the 
n rote is mere fundamental, which makes sense, oince bedh the twd- 
thoitc C3SC and the Y"n rpFe ar<* simpler than the thre*-choi ce cage 
and yn/5 rule, respectively. tf we retain the 'r'n'rula, and if we 
were to replace IFic linear ajjprux i r a t i on by a /tore exact relationship, 
the 3-choice nearness-to-3ri-end rule would, according to the last 
Observation in the paragraph on ’S-choice vs, 2-chuice,* be slightly 
l&xened, as we have wanted. This view is incorporated in the 
following axiomatic treatment. 


The amendment idea of page S3, can be expended into a complete 
axiomatic system for the snail n cases. The axioms enn he prreo£petl in 
a precedence hierarchy, each taxing effect only if it does net 
contradict the previous ones, or, equivalent [t J fer the*ie axioms,. If it 
is needed to disambiguate the meaning. E present the Axioms for 
nearness to an end, Axioms for nearness (o the middJp in J-chpios 
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case can be work Ed out sini i^r I y? (he above-mentioned amendment enter? 

at n - Fn 

1) {information a*iom} At leaat gne, t>ut not all, objects are 

near. 

This handles the a ^ 2 case. 

2> (plurality .anion) At [east tw objects fb-c near (i.e. 
near does not mean "at")* 

This handles the n * 3 case. 

3) (preference or semi -de f ini tene-s-s awl cm I A.-i object cannot 

Ufr near one end if it la nearer the other end* 

This handles the n ^ 4 case. 


4) (excluded middle a*lfr*d An object at the center, ov- 
adjacent to the Center for Even n, 1 s near neither end. 

This Is adequate up to n =• £. 

SI (2-choicc/3-choice di scr Sminat I on axigm) A™^ remaining 
undecided objecta should be edited near for 2-choice case, and ngt 
near for 3 -ehpiet case. 

This i a adequate up to n = 3. 

These axioms nako the 2- and 3-choice cases idfemtical for 
n s G* avoiding the Slrictnoas of the rule fer tr ■* 3 god 4, 

(It Course there i a a great dea l of redundance in those axiomst 
it ocem-3 almost pointless to have £ I v* axioms to explalur onty eight 
cases. Also, they seem to be phrased so as to be O-f fl's little use as 
possible for larger n. ] found these drawbacks could net be avoided 
uithout either nakiny the explanation of the small n canes 
unconvincing, or changing the results for the large n cases from uhat 
both the root rules and cornnon usage preferIbo. The aieiong were not 
chosen to provide an- efficient derivation of the meant rug of near, but 
to show how its meaning is rooted in. CErfain common sen?-* ideas. White 
Jhe n information: maximizing principles seem to be able to encpfatn thu 

mean i ng for vary small n where there is little choice in the 
definition if it is to convey any Information it at I, they soon break, 
doun as they dust, for near scene, to be based rather on a concept o f a 
"moderately small" distance, as ue have oecn |r> this pjper. This 
concept Is InfornationOI ly efficient only in the conte-vt of a rich 
natura-F language vocabulary where it tills a smalt "etuidgitaI niche." 
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Uhat common ba*i* can ue find for- the di aerete and continuous 
rules? Such a basts should show an analogy between the 4-object rule 
and the object size rule. The 4-object threshold is 4 times the 
distance between successive object ftps 1 t ions, which Is the smallest 
d i stance that y I ays a role i n the discrete case, On the aver aye . the 
cii jwirl slid threshold i;qua I s Ehr nil; ist:t dUr, Which la 4 time* 1/4 Ihn 
object size, the smallest d i stance that plays a rote in the continuous 
case- lit Is the threshold tor the large absolute size, one large 
dimension category.} Thus in both cases tho objoct-dcpondcnt 
threshold is lour times Ehe smallest significant distance, or 
"quantum.* This distance is at tb® vpry nogr object threshyl J T and 
hence can be described a* a very smaI I distance. 




PART II [i FURTHER DEVELOPMENTS AND APPLICATIONS 
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A hi-nr.irchy of thresho IdG (see figiire JAI may hr defined in 
■re Sat ion to the near threshold, which will be represented a a 1. 

Or dinar i I y th® ratio bet neon ton 5 ecu t ive thresholds; should tc 2, A 
ratio of 2 Tirana that when we narrow a description clown by one 
threshold we .ire adding one bit qf infqr#iatinn. According (0 the 
chapter II0U VAjUE IS NEAR? this in the c Forest the- thresholds can be 
to each other without being mi statable for each other with any 
significant I i ko I i hood, and, if they Mere farther apart , there uo?jld 
he values in Pttnewn which could not likely B« tahen as values of 
either threshold, thus suggesting that .3 new Intermediate verEial 
Judgment Pe invented. 

These are default definitions in the sense that they apply 
when there is no good reason to think they don't apply. The purpose 
ngy suggest a airitle-r cr laxrr ratio than Z, In particular when the 
geometric naan threshold i o several powers of 2 below the range 
threshold, ue should increase the ra t i p + sc as to spread the 
thresholds mere evenly through the range. If ue wanted to spread them 
exactly evenly, y® should ChOOS® the ratio to bo the fifth hoot of the 
ratio df range to near threshold, allowing us te iMer-flo I a to the four 
higher thresholds botween them. ■ t is adequate to select convenient 
Integer or fractional value? for th® thresholds, that yield ratios 
that are apprqtfioateTy equal. (See uninal size enaople on page JR 1 } 

Dn the other hand, when (he near threshold is a imply the rarige 
near threshold, i,c,, 1/5 of the- rsngt, ot-ity the ran^f wanimum is 
quite far , and nothing is veT y far . These latter character i ^af Iona 
are only applicable when the range la St least IS or 32 times the aize 
of the near threshold, 5c® NQi'l’MEASUFiABLIE SPATES, page 72, for ±i 
SMpppr t i 11 g *namp I e, 

Uh®ni the r in|j« 1 :.. ,3 nipiNi.jm grtaler than 0, a ijiini lar 
phenomenon hag excFurle the veru ne ar threshold. If ho want to avoid 
this, .vi In cars travelling vi;mi n;.ir each other on a highway, mean i ng 
a caHength nuay (the minimum safe distance!, we should compute all 
thresholds by (heir distance -rs the hinimuiP, instead of their 
distance- frojt 6b 
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if inc think of ncCT 3S 5 "snail" dlSla^CS, then our 
that g second-pr rJ sr small distance is negligible. 
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Some times hs want a very la* threshold, 3a when we say “It's 
in the first part of the book*" This is acconpl I shad hy using the 
word ’’part' 1 which Indicates a substantial portion of the hook* "Part" 
could he taken as one-quarter to one-half the hook. In this case the 
components of a pa-f are not quite far fron one another. by the range 
rule. A “section" could he one-eighth to one oi*ty-fourth of the 
book; its contents are nuar to ons another* but not at. the sam^ place. 
This makes a section have at least several pages. 
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En doing Indefinite and comparative cases. we often have to 
compare the nearness of several objects, “conparanda*“ to a reference 
object. E f the purpose or standard does not specify thresholds, then 
we l*wat fall Pack on a system based On range and Object situ, or range 
and number In the discrete ease. 


lie want to make the Judgment depend as ouch as possible an 
concepts ue have already developed. We can say that* basical ly, the 
d ffr Hf d two compa^ando are abou t , a I neat or rnegrjy a s^ ncar- or ao far aa each 

j. ■olher when the difference of their distances Is within the near 
ir * * threshold of the two object?. They are as near qr as far as each 

other when the difference is within their at threshold. The nearer 
^ ^ on<3 i e much, or qu i t n a bit , hearer than (he other when Vis distance 

* " f w from the the reference object is less than that of the farther 

comparand by 31 ImsI the ratio of consecutive nearness thresholds* 

See Figure 15. 


Usually the IWu comparand® have a common range which may be 
, used in computing the near threshold. E f the range is unknown, a good 

c default might be the distance of the farther co hparand, or a small 

f multiple of It. 


mrFhSlGNS DTI-E-R THAN UjnTAMTE 


f f t & ft. 


Kahn in his naster"? thesis develops a t i mo-speci3li st K but 
dues not deal with concepts such- 3s ’recently" or "a while 3go." which 
he points out are very con text-dependent. These phrases ir.ean 
□ scentially "Rear this t me," Let ut ifbo how our n ear System can 
hand Ie thes e cone ep t o. 
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DIMENSIONS OTHER THAN QlSTANCE 
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TiMc ; Consider the a fa t eit sin ( "HE 3 birthday is near thr ietnas, “ The 

objects involved are days, uhich clearly match our discrete cSse. The 
^ range ie 1/2 * 3S5 - lfl3, oinCc no two rfatrss c 5 h be? more than half a 

"iliit ee' year apart (similar to the offices in the circuitous corridor}. ThE 
t _ r ^ ^ r ange t hre sho Id is I x J 83 - 2 T days* The U - oh j ee t rule gives 4 
■days. The CM pf these is 9 or 1® days., a vary reasonable a ns tier. 


t i._ , , tLivM > J 1 " 
i I. ft. mr, fl £ 


Nou eofllider "He SQuri u I th nephritis soon after his trip 
to Europe.■* Ibis is continuous case, and the durations of the tucj 
events,, the trip and the disease, resemble object; sizes. If we take 
sl* we-ckj f-pr tht durations [ft upchs a good estimate for both of 
then], then we know the threshold must also be in this neighbor hood, 
which is quite rsssonabIe. 


nr. 
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Ons n£ly object that ns should have halved the threshold 
because the durations aro i;n whot we could call the "large abac lute 
size" oate-gory [uere than a day] but this is balanced by the fact that 
there are tun rather than one large dimensions [the smaller duration 
is rore than half the larger]. If the later evert! had been a shorter 
event like "He caught a cold," the threshold would be halved to three 
weeks because thare in only one large dimension, A more detailed 
treatment might also take Into account range [the upper 15nit on how 
much later he could have become ill, suggested, say, by the present 
date, or by aofn* othsr cvi?nt si n I,nr to the trip which would have been 
used as the reference if the illness had happened after it} and 
standard (D threshold for a cold .nigh l t:r shorter because one expects ■ 
to catch then more often]. 
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Let us see how our consecutive thresholds apply to the 
judgnenf oF animal size. Ue wi I consider only macroscopic animals. 
Our range maximum is a whale, say 130 metres long. This gives a range 
n ear , or 5 n .a11 . thr e tho Id Of 12,0, say 10 mr trrs, The ranye m 1 n 1 mi vu , 
ami, mpre important, the smaS I esT .di st i ngui shable distance, is about 1 
millimetre, ]f we squat e this with the smallest sign if leant distance 
[see page G5I. we get art “object size" threshold of four mi I I imetres* 
The geometric mean of that with to® range? thretvh&ld Is about 2f\ft uf a 
metre, or eight inches, Therefore Cl squirrel is a smgl I .animal. This 
is cilieut as yootf as t>ne can hope to yet by this method, since the a5 2 * 
of tbs largest animal is somewhat arbitrary. 


A better icJsa is to take a hunan as a standard. To choose our 
ratio of consecutive nearness thresholds, tho besl Vdea is to decide 
^ I-,-**Lip,-, uhat 3 1 ^e would l)* r soy, very l arge , ants then interpolate to get t ar-g# 

and oui e targe. Out sines ue rarely sec animals larger than the 
1,4 elephant, and are not very familiar with their sizes, it 3s best to 

base the interpolation on "elephant" as Quito lar ge leaving whaleo as 
"qua IL tat ■ vifrly" very large, [An alternative would be to decide what 
is the smallest wa think of as large and extrapolate for uu its large 
and VEry largs .k 











A /1 elephant la about E metres long. Call this qu i !<? lar ge* 

I Call humans 12 rEtros) standard, or not quite I arqfr (the GI1 o( small 

r ,jt C and large}-i Th&n Interpolate r lar-qe as 3 1/2 metres, a rh iTioccr o□ 

/s perhaps. A horse ig to t cpj 1 te I ar as t/u this criterion, but it uoultl 
be if he went by weight Iretead of length, since i ta shape is fc*ors 
compact than a human'a. 


Let ua interpolate snal I . quite amg.ll , and very B^al I. between 
, humans HE0 H I and our minimum visible size, siy 0.1 inches* A factor 
Saw / of S «t IJ serve to separata these thresholds, grvihg sm?! 3 “■12" 

[cat}* quite s mal t ■ 2" (mouse), very smgi | j - 0,5 Inches (insect}. 
Note we have used a two-rat In systen, a different ratio above and 
below the standard. 


WDN-fgASUfMB L E SPACES: EP10T1I7IAL Q.Uifc.NbS* 
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dy 

S-^m p / f 
id** 
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In talking about how close [ feel to various members of my 
elasa Of 32 students* It is unlikely that ] have a convincing- 
numerical measure of distance. Never tbs I ess* if I assume that the 
closeness of students to me Is uniformly distributed over a rang® 
extending from as close as posslbl o to as tar as possible, then E can 
aay the closest four students U/6 of the class} are close to me, the 
closest 2 of those are quite close, 1 is very close, the farthest IE 
far, and the farthest 8 quite far, In B class of 32, no one is very 
far. 


Flore likely, the distribution la chi-square wllh a number of 
degrees of freedom determined by the number of dimensions along which- 
I can feel close to someone, e.g., intellectually, emotionally, etc** 
But It is questionable Whether such a sophisticated analysis la 
feasible or necessary. The point worth asking is that the one- 
dSnensiona! uniform dl stHbqt i on works pretty we ft. 


GH[]UPLN& BY NEAR - - A FAILURE DP THE THEORY 


CM 

L? itiH p f 
t ^ C 1 


Suppose we have n ob jsc ts, located in ao**e spat 1 a t 
corsf igurat ion* and we wish to group them Into groups based in some 
natural MBg on their nearness to sne another* The approach suggested 
by cur theory ia to define two objects to be In the same yrnwp if they 
arc near each other, using the diameter of the Mhole conf i gurat 1 on as 
ranye. Ue thET take the transitive closure of this nearness 
relationship, giving an eqo I valence relation which divides tho objects 
into disjoint groups. 

















It fiyik 


A'j the examples in Figure IS shew, (hi a method Is hopeless I y 
(oddeduates since in reality, an intra-group distance of <13 much as 
tuo- thirds the diameter Of the whglc Configuration (Figure lEa, which 
is Supposed to be almost a square) can exist, and this distance may be 
only slightly l&SS than thfl intor-group diatance. Our- method doesn't 
even work in one dimension (Fig.-re 16b) . tt seeps clflar that no 
method that could reasonably ho considered an extension or 
modif rcat ion of our theory could work. 
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ftn idea that works better tj to sort the distances between 
"neighboring" objects into tue classes, Inng anil sborE . and Ihen 
"join" Ob jotto separated by short distances, and take the transitive 
closure. This works for the above tub o*ampr@s, but uould run into 
prob I ems with more complex examples. One WGUld have to decide when 
two objects are neighbors, and where the cutoff Ffi between short and 
Tong, The latter la itself a ore-disnensionaI ^TOOping problem. Even 
if U6 could do thr &, the method would leave a lot to desire, since it 
does not take account of such Itport-anl spot i 33 cons i der3t i ana as 
where the distancis being sorted are with re spec I to one another. 

Wh3t hay ho “long" in one part of the configuration may tie "short" 1 o 
another, and 3 group's ShJp* i* 33 important 3a rte intra-group 
distance in deciding whether it is indeed on* group. Clearly, 0 deep 
under a t Shell ng of Spado is necessary to handle this problem. 





Appendix rwTHEnATICflL CAPABILITIES QF THE HUTCAN PERCEPTUAL HECHANISn 


According to en article by S, 5, Stevens in Tha Handbook of 
Fareo&t 1 on . vol* II, <1B74>, tha well-known Uaber-Fechner Law was 
rutilated about 1953 by a roru accurate pouer function law relating 
strAulus td raEpcnaa. Tha article leaves lift I? doubt that perceptual 
Jsachan i sns of the drain CQTirsnJy ccnpute square roots and ether pouer 
functions. A particularly ra levant example Stevens report a is that 
the subjective visual area of a square ia proportional to the Z/3 
power of Its actual area- The geometric mean of the area and the 
length of side ia the 3/4 power of tha area. Stavane has the 
fallowing to aay; 


" , * . Is It a general law, or ttoes it hold only for vision 

and hearing? Expar imanta to answer that question have 
explored bore than, three dozen sensory and perceptual 
continuii Tha renarkabln and quite unexpected result Ts that 
this psychophysical law seeris to hold in all sense modalities, 
* . . In general,' each sense modality has its Own exponent, 
but the values of some of the exponents depend on such 
parameters as adaptation and contrast. p - — Ipage 364) 


' . h. . Ths electrical recording of nervous activity turns 

out to give highly variable re softs, but In many sense 
modal!ties tha electrical potentials have bean shown to rrew 
as a power function of the stimulus Intensity, There appears 
to be little question, therefore, that tha sensory systems aru 
capable of power transformations. ... 

, , , In some of ths physiological experiments, the 
recorded data can be described by power functions 
approximately the same as the corresponding psychephya fcaI 
functions, 11 - - Cpags 3&S) 
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